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ABSTRACT
Floral and  inflorescence developm ent of 39 sp e c ie s  of A s te raceae  
an d  four additional sp e c ie s  represen ting  possib le  ou tgroups w ere  
exam ined  with the scanning  electron m icroscope (SEM). Taxon 
choice  w as  des ign ed  to include represen ta tives  of 12 of the  12 to 18 
tr ibes  recogn ized  in the  large, morphologically d iverse  family. 
Although floral on togeny  h a s  provided phylogenetically useful 
ch a rac te rs  in o ther plant groups, no similar s tud ies  have  been  
applied to solve phylogenetic problem s in the  A s te raceae . The 
n e c e s sa ry  live material w a s  collected in severa l w ays: from natural 
populations th roughou t North America, from the  worldwide 
collections of severa l botanical g a rd en s ,  grown from s e e d ,  or from 
cultivated sp e c im en s  pu rch ased  from nurseries. For each  sp e c ie s  
exam ined , severa l individual p lants w ere  sam pled  from each  
population, and  in so m e  c a s e s ,  more than one  population w as 
sam pled . Inflorescence and  floral developm ent w as  studied  to 
docum en t the  range  of variation possible  am ong the  developm ental 
pa thw ays of e a c h  sp ec ie s .  O ntogenetic  e v en ts  w ere  relatively 
s tab le  within eac h  sp e c ie s ,  w hen severa l individuals from either a  
single population or from different populations w ere  sam pled . 
H e te rog am ous  h e a d s  consisten tly  display su p p re ss io n  of peripheral 
(ray) flower initiation an d  developm ent a s  com pared  to th a t  of the 
disk flowers of the  sa m e  head . Disk flowers and  ray flowers of the 
s a m e  h e ad  a re  inherently dissimilar from initiation onw ards, 
differing in s ize  and  sh a p e  of primordia, and  in ensu ing  developm ent. 
Severa l on togenetic  pa thw ays w ere  d o cu m en ted  for the  formation of 
ray flowers, recep tacu lar bracts, and  pappus; they a p p e a r  to have 
phylogenetic  significance. The corolla ring m eristem  w a s  found 
throughout tax a  of the  subfamily A ste ro ideae  but w as  a b se n t  from 
the  L ac tuco ideae . Ligulate, bilabiate, an d  disk flowers throughout 
the  A s te ra c e a e  display a  high d e g re e  of similarity during early 
s ta g e s  of developm ent, but a re  dissimilar in late s ta g e s  of corolla 
expansion . The p ap p u s  is initiated either during o rg an o g e n es is  with 
th e  o ther  o rgan  whorls, or substantia lly  later during floral
expansion  and  differentiation a s  an  a c h e n e  outgrowth; the  two 
m o des  of initiation a re  cons idered  nonhom ologous. If initiated 
during o rganogenes is , the  p ap pu s  may form in on e  of th ree  general 
p a t t e r n s .
Review  of S y s tem a tic s  L iterature
C hapter 1
1
INTRODUCTION
T he d iverse  family A s te raceae , with abou t 20 ,000 sp e c ie s  in 
1,100 g e n e ra ,  h a s  cosm opolitan  distribution (Cronquist, 1981). 
T he family is c h a rac te r ized  by the  p re s e n c e  of capitu lum -type 
in f lo re sc en c es  with sub tend ing  involucral b rac ts , a n th e r s  
united in a  tube, and  often more than one type of flower on a  
single  in flo rescence, typically ray and  disk forms. All flowers 
in the  A s te rac ea e  a re  epigynous, and  a re  thus thought to be  
highly derived  morphologically. An unusual s tructure , the  
pappus, h a s  evolved to se rv e  in s e e d  dispersal (Cronquist,
1955; Jeffrey, 1985) and  is putatively a  calyx homolog. T h ese  
c h a ra c te rs  (excluding epigyny) a re  au tap om orph ies  (sha red  
derived ch a rac te rs )  for the  family and  provide strong ev idence  
tha t  th e  family is m onophyletic  (Cronquist, 1955; Bremer, 
1987). Historically, sys tem atics  s tud ies  have  been  b a s e d  on 
floral an d  vege ta tive  morphology (Bentham , 1873; Cronquist, 
1955; S a n d e rs  and  Clark, 1987; Cox and  Urbatsch, 1990), wood 
an a to m y  (Carlquist, 1966) and  pollen ultrastructure  (Bolick, 
1978; Skvarla  e t  al., 1977), a s  well a s  on cytological and  
chem ica l  information (Vuilleumier, 1969).
B e ca u se  of the  large num ber of sp ec ie s  in the family, the 
classification h a s  long b e e n  the sub jec t of co n s id e rab le  study 
and  d e b a te .  B en tham 's  m onum ental work (1873), a  definitive 
b a s is  of know ledge for later workers, recognized  the  
A s te ra c e a e  a s  having two sub-families and  13 tribes, on the  
b a s is  of floral and  vegeta tive  charac te rs .  Most of B en tham 's  
b a s ic  c lassifica tion  is still in use , with so m e  m odifications. 
B en tham 's  c o n cep t  of two subfam ilies w as  supported  by 
B rem er 's  (1987) analysis , dem onstra ting  the C ichorio ideae  a s  
a  g ra d e  (paraphyletic) and  the A stero ideae a s  a  c lade
(monophyletic). The sub-family A ste ro ideae  w as  considered  by 
B rem er (1987) a s  clearly monophyletic, a lthough lacking 
resolution at severa l n o d es  in the c o n se n s u s  c ladogram  
depic ted  (Bremer, 1987). However, the results he obtained 
w ere  inconclusive on a  global scale , due  to the p re sen c e  of 
m any unnatural tax a  (Bremer, 1987) in the  classification 
sy s tem  tha t  he  em ployed, the  unavailability of c h a rac te r  
information, and  the  inclusion of num erous au tapom orphic  
c h a r a c t e r s .
S ince  the  1950s, severa l w orkers have  a ttem pted  to attain 
m ore natural groupings by critical a n a ly se s  of the  tribes and  
their p hy lo gene tic  in te rre la tionsh ips  (Poljakov, 1967;
Robinson and  Brettell, 1973 a, b; Robinson and King, 1977; 
Turner and  Powell, 1977; J a n s e n  and Palmer, 1987, 1988). 
B rem er (1987) u se d  d a ta  from the  literature in a  
c o m p re h e n s iv e  c lad is tic  study  of tribal in terre la tionsh ips.
In genera l,  the  phylogenetic  relationships am ong the tribes 
a re  enigmatic, although so m e  alliances am ong certain g e n e ra  
s e e m  clear. Severa l ten tative  tribal a lliances have  been  
p roposed  by workers; there  has  also been  speculation a s  to the  
an ces tra l  or m ost primitive tribe. Cronquist (1955) concluded  
tha t  H elian theae , with a  h e rb a ce o u s  habit, is the ancestra l  
primitive tribe in the  family and can  be  derived from the  
C am pan u la les .
B ased  on su b seq u e n t  s tud ies and conclusions by Carlquist 
(1976), C ronquist (1977) revised his idea, concluding that the  
ancestra l  habit w as  more likely to have been  woody. Carlquist 
(1976) con s idered  the  H eliantheae, V ernonieae  and  Mutisieae 
to p o s s e s s  the  g re a te s t  num ber of primitive fea tu res , but did 
not regard  any  extant group a s  ancestra l  within the  family. By 
tabulating sev era l  morphological and  anatom ical c h a rac te rs ,  
W agenitz  (1976) recogn ized  two g rou ps of tribes within the  
family, co rrespond ing  to the  groupings in o ther s tud ies  
(Robinson and  Brettell, 1973a; Poljakov, 1967). Jeffrey (1977)
a rg u ed  that the  primitive corolla form w as  bilabiate, making 
the  M utisieae  th e  primitive tribe within the  family. Je ffrey 's  
theory h as  been  supported  by the DNA studies of J a n s e n  and 
Pa lm er (1987, 1988), which d e m o n s tra te  the subtribe  
B a rn ad es i in eae  of the  paraphyletic  tribe M utisieae (in the  
subfamily Cichorioideae) to be  the  basa l or s is te r  group to the 
rem ainder of the  A s te raceae . The p resen t work will use  
developm ental d a ta  to te s t  th e s e  h y p o th eses  abou t 
re la tionsh ips am on g  tribes.
Recently, ev idence  from chloroplast DNA s e q u e n c e s  and 
restriction site co m p ariso n s  have  p laced  the  subtribe
B arnadesiinae  of the Mutisieae a s  outgroup to the  rest of the
family (Ja n se n  and  Palmer, 1987, 1988). While the  family is
m onophyletic, so m e  of th e  tribes and /o r  sub-tribal
a s s e m b la g e s  a re  paraphyletic  groupings of conven ience , 
awaiting further study  (Brem er, 1987).
It h a s  been  hypothesized that the  d e g re e  of ontogenetic  
d iv e rg en ce  be tw een  two taxa  is positively co rre la ted  with the  
d e g re e  of evolutionary d ivergence  be tw een  the  taxa  (Stebbins, 
1974; Gould, 1977; Tucker 1984). Com parison of an 
ontogenetic  se r ie s  am ong taxa  (De Queiroz, 1985) in the 
in flo rescence  and  floral on to gen ies  of the  sp e c ie s  exam ined , 
te s ts  this hypothesis  for the  A s te rac ea e  (Table 2.1). Selection 
of specific s ta g e s  (the "sem araphon ts"  of Hennig, 1966) for 
com parison  is a lso  useful. Particularly useful a re  th o se  
s ta g e s  tha t occur during earlier s ta g e s  of ontogeny.
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INTRODUCTION
R esea rch  on the  com parative  developm ent of inflorescence 
an d  floral morphology am ong tribes of the  A s te ra c e a e  requires 
familiarity with both sy s te m a t ic s  and  ana tom ica l  literature.
In this review the  floral anatom ical literature is e m p h a s ize d ,  
although so m e  sys tem atics  works a re  also  d iscu ssed . The 
large num ber of s tud ies  have  had many different aims--from 
horticultural flowering req u irem en ts  to the  c la ss ica l  
anatom ical s tu d ies  describ ing  histological p h e n o m e n a . 
D evelopm ental d a ta  for the in florescence and /o r  flowers is 
thus  often available from diverse  so u rc es  and  is collected here  
for com parative  p u rp o ses .
Of the  s tud ies  that approach  the anatom y/developm ent of the  
A s te ra c e a e  directly, the earlier works w ere  generally  of a  
com para tiv e  anatom ical na tu re  co n ce rn e d  with histological 
e v en ts  and  w ere  b a sed  on study of serial sec tions with the 
light m icroscope. T h ese  s tud ies  w ere  often broad in nature 
and  severa l to m any sp e c ie s  w ere  more or le s s  perfunctorially 
exam ined. Sec tions w ere  rep resen ted  by c a m e ra  lucida 
draw ings (Haenlein, 1874; Warming, 1876) or f reeh an d  three- 
d im ensional reconstructions (Payer, 1857; Koehne, 1869; 
B uchenau , 1872). Occasionally, observations w ere  published 
without any  pictorial rep resen ta tio n  of the  m aterial s tud ied  
(Don, 1833; Trecul, 1890), leaving the  read er  to his own 
conclu sio ns  ab o u t  the  au th o r 's  in terpretations.
Later, life history s tu d ies  involving in tensive investigations 
of one  or two g e n e ra  b ecam e  common (but s e e  Lawalree, 1948). 
Coulter (1883) exam ined  the  o rganog enes is  and  em bryog enes is  
of the  flowers of dandelion, T a r a x a c u m  officinale  (L ac tuceae) .  
Martin (1892) exam ined  developm ent of the  flower and
em bryo-sac  of A s te r  and  S o lid ao o  (both A stereae). Five 
sp e c ie s  of S ilphium  (Heliantheae) w ere  exam ined  by Merrell 
(1900) a n d  w ere  show n to h ave  similar floral initiation, 
o rg an o g en es is  and  em bryogenes is . Farr (1913, 1915) 
investigated  two sp e c ie s ,  Jy a  x an th ifo lia  and  X aQ lhium  
c o m m u n e , of the  Ambrosininae (a highly derived subtribe of the 
H elian theae). In an  effort to un ders tand  flowering 
phenom enology  of th e  important crop plant L a c tu c a  s a t iv a  
(L ac tuceae), J o n e s  (1927) investigated  pollination and  o ther  
deta ils  of the  life history of lettuce. Morphological a s p e c ts  of 
the  life history w ere  reported  for w eedy  sp e c ie s  su ch  a s  
A r te m is ia  t r id e n ta ta  (A nthem ideae) (Diettert, 1938), and  
C h rv s o th a m n u s  n a u s e o s u s  (Astereae) (Snow, 1945).
Floral vascu la ture  h as  been  com pared  in the  A s te raceae  for 
intrinsic information and  for ev idence  of phylogeny. The 
initiation and  d eve lop m en t of floral vascu la tu re  of T r a g o p o a o n  
and  S c o rz o n e r a  (both Lactuceae) w ere  stud ied  by Trecul 
(1890), a lthough without illustrations. Koch (1930, a, b) 
p re se n te d  a  definitive study of the  vascu la tu re  of the  corolla 
in the  A s te ra c e a e  flower. In her initial study (1930a), sh e  
c h a rac te r ized  four bas ic  pa tte rn s  of venation: the  "Aster", 
"Heliantheae", "Mutisieae", and  the  "discoid" types. After 
establishing th e s e  basic  types, Koch (1930b) com p ared  the 
vascu la tu re  of the  H elian theae  and  the  M utisieae a t  so m e  
length, to te s t  the  theory (Haenlein, 1874; Small, 1917) tha t 
the  ray flower d eve lop ed  from the  bilabiate flower found in 
the  Mutisieae. S h e  found no support for this and  concluded that 
th e  H e lian th eae  w ere  "anatom ically  primitive".
Philipson (1946, 1947a, b, 1948, 1953) investigated the  
developm en ta l a s p e c t s  of in flo rescence  m orphology to 
a sce r ta in  poss ib le  re la tionsh ips of the  A s te ra c e a e  to o ther  
families (sum m arized  in Philipson, 1953), p resen ting  
d iagram s, c a m e ra  lucida drawings, and  m icrographs.
Philipson 's  inves tiga tions w ere  twofold, involving the
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com para tive  vascu la tu re  of the  in flo rescence  an d  the  
histological e v e n ts  during th e  initiation of sev e ra l  s tru c tu res .  
Concluding his s tud ies  of the  na tu re  of the  A s te rac ea e  
in florescence, Philipson (1953) g rou ped  the  A s te ra c e a e  
inflo rescence  with th o se  of the  C a m p a n u la c ea e ,  C a ly ce raceae , 
G o o den iaceae , and  S ty lidaceae which a lso  show  a  rac em o se  
type of branching. He a lso  e s tab lished  that, desp ite  
superficial similarities, th e  in flo rescence  of the  D ip sa c a c e a e  
is not hom ologous to the  inflorescence of the  A s te rac ea e .
The com parative  study of the  vascu la r  supply of the  corolla 
of both disk and  ray flower w as  a lso  applied  taxonomically 
(Smith and  Koch, 1935; Carlquist, 1957) by a s s e s s in g  the  
num ber and  d e g re e  of branching in corolla veins. Rauh and  
Reznik (1953) d o cu m en ted  the pa tte rns  of vascu la tu re  s e e n  in 
developing in flo rescences of the  A s te raceae , D ip sa ca ce a e  and  
C a m p a n u la c e a e  in their histological study. While extrem ely 
useful, c a re  m ust b e  taken  w hen interpreting vascu la tu re .
Carlquist (1969) pointed out tha t e rro n eo u s  conclusions  may 
be  drawn from vascu la r  ev idence . Manilal (1973, 1975), for 
exam ple , e rroneously  a s se r te d  tha t capitu la  in th e  g e n u s  
M elam oodium  (Heliantheae) w ere  com pound b a se d  on the 
vascu la tu re  of the  b rac ts  and  w a s  challenged  by Burtt (1977).
O ther taxa, such  a s  E c h in o p s . clearly p o s s e s s  com pound 
cap itu la  (Petit, 1988).
Another group of investigations have  b e en  direc ted  toward 
th e  physiological and  photoperiodic  req u irem en ts  for flowering 
of A s te ra c e a e  (se e  the  exhaustive  reviews of th e  flowering 
req u ire m e n ts  of horticulturally im portan t A s te ra c e a e  in 
Halevy, 1985). The A s te ra c e a e  a re  historically im portant in 
th e s e  s tud ies  b e c a u se  X anthium  (Heliantheae) w a s  o n e  the  
first short day  p lants  do cu m en ted  (Salisbury, 1985, and  
re fe ren c es  therein). T he literature is confusing b e c a u s e  often 
contrad ic tory  reports  of day-leng th  re q u ire m e n ts  (Salisbury ,
1985; S chuste r ,  1985) exist in the  volum inous literature on
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th e  sub jec t,  particularly am ong  different cultivars of a  
sp e c ie s .
Two A s te ra c e a e  sp e c ie s  p redom inate  in s tu d ies  of flowering: 
Chrysanthemum morifolium (Anthem ideae) a n d  fdfiMnlhua 
a n n u u s  (Heliantheae). Much information abo u t th e  flowering 
requ irem ents  and  g en e tic s  of C h r y s a n th e m u m  is available--the 
plant h a s  b e en  in cultivation for m ore than  1400 y ea rs  
(Cockshull, 1985). The myriad m utations in color and  form of 
both ray and  disk flowers in H- a n n u u s . a s  well a s  its simple 
cultural requirem ents , have  m ad e  the  plant popular a s  a  
su b jec t  for b reed ing  experim en ts  a n d  inheritance  s tu d ie s  
(Fick, 1976; S chu ste r ,  1985).
The first deta iled  on togenetic  study of an  A s te ra c e a e  sp e c ie s  
w as  that of £.. morifolium (Popham  and  Chan 1950, 1952) 
docum enting  th e  histological c h a n g e s  of an individual flower 
primordium an d  the  vege ta tive  ap ex  during its transition to the 
inflorescence apex. They found (Popham  and Chan, 1952;
Popham , 1964) that the  "crown bud," a  large non-flowering bud 
found in C . m orifolium  under  certain  light reg im ens, w as  
actually  an  in flo rescence  rec ep ta c le  th a t  did not initiate 
flower primordia. Popham  (1964) e x ten d ed  the  earlier work by 
sam pling  Q_. m orifo lium  a p ic e s  a t  regular intervals after 
exposing  the  p lants  to varying num bers  of inductive 
photoperiods. In this way, he  w as  ab le  to show  the  s ta g e  of 
developm ent in flower primordia of any  a g e  (in days). C athey 
an d  Borthwick (1957) found that red  light inhibited flower 
initiation an d  far-red  light "reprom oted" flower initiation in 
C h r y s a n t h e m u m . Disturbing (by defoliation, bisection, or 
puncturing) the  transition apex  of P e t a s i t e s  h v b r id u s  
(S en ec io neae) ,  W ardlaw (1963) c a u s e d  the  ap ex  to revert to 
th e  vege ta tive  condition. Form ation of the  first involucral 
b rac t hera lds the  irreversible reversion of the  C h r y s a n th e m u m  
in flo rescence  m eristem  back  to a  vegeta tive  s ta te  (Horridge 
an d  Cockshull, 1979). Synthesizing earlier works, C harles-
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Edwards e t  al. (1979) d ev e loped  a  m athem atical model of 
flowering for £_. m o r ifo l iu m .
Among m any s tud ies  of the  genetics  and flowering of 
H e lian thus  a n n u u s  (Heliantheae) (Schuster, 1985 and  
re fe ren c es  therein), of particular in terest is the  work of Marc 
and  Palm er (1976, 1978a, 1978b, 1981) who have used  an 
experim ental ap p roach  to th e  m ech an ism s of flowering in 
certain  cultivars of sunflowers. They e s tab l ish ed  that 
in flo rescence  d ev e lo p m en t w a s  sensitive  to w a te r  s t r e s s  
(Marc and  Palmer, 1976) a s  shown by the d e c re a se d  num ber of 
flowers initiated on the  head , but tha t the  timing of the o n se t  
of the  flowering re sp o n se  w as  not affected. Marc and  Palm er 
(1978a) w ere  able  to u se  chilling p u lses  to de te rm ine  the 
duration of e v en ts  leading to flowering by s tandardizing  the 
timing of flowering. They (1978b) found that six or seven  
flower primordia per  day  w ere  initiated on the  m eristem atic  
su rface  of the  in florescence in the  H e l ia n th u s  cultivars they 
studied. A boron deficiency produced an  unusual effect 
(sim ulated by wounding of the  inflorescence m eristem , Palm er 
and  Marc, 1982): c rack s  in the  m eristem atic su rface  along 
which new involucral b rac ts , ray flower primordia, then  disk 
flower primordia w ere  produced , in that order.
G enetic  s tud ies  of severa l a sp e c ts  of flowering in certain 
A s te rac ea e  sp e c ie s  a re  a  relatively recen t a re a  of resea rch . 
Most notably, Bachm ann and  C ham bers  (1990, and  references 
therein) and  their cow orkers  have  descr ibed  gene tic  variation 
in M icro ser is  (L actuceae) through hybridization stud ies . By 
investigating the  pheno typ ic  ex p re ss io n  of m eristic c h a ra c te rs  
(such a s  p ap p u s  part num ber, or the ratio of dimorphic a c h e n e s  
on a  head) Bachm ann and  C ham bers (1990, and  references 
therein) w ere  ab le  to d e te rm in e  evolutionary fac tors that 
c h a n g e  or stabilize (canalize) (Stebbins, 1974) th e s e  
morphological s truc tu res  in M icroseris  (L actuceae) hybrids. 
Gottlieb an d  Ford (1989, an d  re fe ren ces  therein) investigated
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the  p re s e n c e  of ray flowers in two sis te r  sp e c ie s  of L av ia  
(H eliantheae). Through hybridization s tud ies , it w a s  found that 
only two g e n e s  w ere  involved in coding for the  p re se n c e  of ray 
flowers in L- o l a n d u l o s a . and  that L- d i s c o id e a . while lacking 
rays, reta ined  g e n e s  that modify ray num ber and  color.
New technology a u g m en ted  the  capabilities of light 
m icroscopy and  hera lded  a  ren a is sa n ce  in the  study of floral 
developm ent, and  the  A s te rac ea e  w ere  not ignored. Sattler 
(1973) e x te n d ed  the  limits of the  d issec tion  m icroscope  with 
his sy s tem  of epi-illumination and  dipping co n es . In the  
pho tograph ic  tex t-a tlas  O rg a n o g e n e s is  of F low ers . Sattler 
(1973) exam ined  floral developm ent in 50 sp e c ie s  in 44 
families, including I r a q o p o o o n  d r a te  n s i s  (L actuceae) and  
T a g e t e s  p a tu la  (Heliantheae) from the  two subfam ilies in the  
A s te r a c e a e .
The scanning electron m icroscope (SEM) has  becom e the 
instrum ent of cho ice  for m any developm enta l m orphologists 
b e c a u s e  of increased  resolution and  depth of field. Marc and  
Palm er (1978b, 1981) u se d  the SEM extensively to docum ent 
s ta g e s  in the  flowering of H- a n n u u s . The floral initiation and  
d e v e lo p m e n t of two horticulturally im portant Inu leae  sp e c ie s ,  
H elip te rum  ro se u m  and  H elich rysum  toPle.al.Uini, w ere  also 
studied  (Sharm an and  Sedgley, 1988). Harris e t  al. (1991) 
d e sc r ib e d  bidirectional flower initiation and  d e v e lo p m e n t for 
Erig e ro n  p h i la d e lp h ic u s  (A stereae), contrary to the  generally  
reported  acropeta l (or centripetal) pa ttern  for th e  A s te ra c e a e .
The reduction of h e a d s  to seco nd  order capitula,
"synflo rescences" , "syncephalia", or " incap itu lescences"  in 
so m e  sp e c ie s  of the  A s te raceae  is generally  acc ep ted  (Kunze,
1969; Burtt, 1977; F roebe  and  C lassen  1987; Petit, 1988). By 
docum enting  initiation of individual flowers and  flower g ro u p s  
with the  SEM, C lassen-Bockhoff e t al. (1989) su g g e s te d  that 
the  inflo rescence  of G u n d e l ia  tou rnefo rtii  (Arctoteae) is 
derived from a tertiary reduction of h ead s . In o ther words, one
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or few flowered h e a d s  a re  co n d en se d  into second-o rde r  h eads ,  
which a re  then c o n d e n s e d  again into third-order head s ,  a  s ta te  
also recorded for the aptly nam ed T r ip lo cep h a lu m  (Inuleae)
(Burtt, 1977).
The ongoing SEM investigations by Leins and  his coworkers 
a re  impressive for their sc o p e  both in the  A s te rac ea e  (see  
below) and  in o ther  families (Erbar and  Leins, 1988, 1989;
Leins and  Erbar, 1989). Leins and  G em m eke  (1979) showed 
compelling ev idence  for the  se co n d a ry  inflorescence 
condensa t ion  in E c h ln o p s  exaltatLLS (Cynareae) , a lthough they 
w e re  reluctant  to m ake  tha t  a sser t ion  unequivocally.
Expanding their s tudies  in the  Aste raceae ,  Leins a n d  Erbar 
(1987) p resen ted  a  large study of 17 A s te rac ea e  sp e c ie s  
(although SEM and  light microscope micrographs from only five 
of the  sp e c ie s  were  published). The primary aim of the  paper  
w a s  com par ison  of flower development ,  particularly the  
formation and  growth of the  corolla tube  s e n s u  l a to . Based  on 
their SEM studies  of floral deve lopm ent  of the  A s te rac ea e  and  
five rela ted families, Leins a n d  Erbar  (1990) postu la ted  a  
putat ive phylogenetic  [sic] a r ra n g em e n t  of the  se co n d a ry  
pollen presen ta t ion  m ec h an ism s  of the  six families under  
consideration.  The A s te raceae  "brush" and "pump" m echan ism s  
were  hypothes ized  to be  derived from hypothetical  ances t ra l  
s ta te  that  combined the  pollen deposition and  brushing 
t e c h n iq u e s .
Moncur (1981), using the SEM, investigated floral initiation 
of t em p era te  field crops.  Five A s te rac ea e  s p e c ie s  were  
included in the  his study: H e l ian thus  a n n u u s  (Heliantheae),
C a r t h a m u s  t inctorius  (Cynareae) ,  GiuzQlia  a b y.SSj.QiCB 
(Heliantheae), P a r th e n io m  a r g e n ta tu m  (Heliantheae),  and  
L a c tu c a  sa t iva  (Lactuceae) . Common primordia were  shown in 
H e l i a n t h u s  a n n u u s  that  bifurcated after initiation to flower 
primordia adaxially, a n d  recep tacu la r  brac t  primordia 
abaxially. In tho se  sp e c ie s  p o ssess ing  ray flowers, the
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developmenta l  lag w a s  a lso  evident be tw een  the  ray flowers 
and  disk flowers. C h r y s a n t h e m u m  morifolium w a s  also a  
subject  for SEM studies ,  expanding knowledge abou t  flowering 
of this horticulturally important  A s te r a c e a e  s p e c i e s  (Horridge 
et  al., 1985).
EVENTS IN INFLORESCENCE DEVELOPMENT
The direction of flower initiation a n d  deve lopm en t  on the  
capitulum is a  useful c h a ra c te r  for interpreting homologies  
and  relationships with other  families. An A s te ra c e a e  h e ad  is a  
c o n d e n s e d  de te rm ina te  inf lorescence  (Cronquist,  1955), 
believed to be derived from either a  con trac ted  racem e  
directly (Cronquist ,  1977; Jeffrey,  1977; Weberl ing, 1989), or 
from a  r a c e m o s e  umbel (Small, 1918; Stebbins, 1974). Part of 
the  ev id e n ce  for t h e s e  essen t ia l ly  similar in terpreta t ions is 
the  order  of flowering (anthesis)  on the  head ,  usually 
d e sc r ib ed  a s  uniformly centr ipetal  (Payer ,  1857; Cronquist ,  
1977; Burtt, 1977). The  de te rm ina te  nature  of the  A s te rac ea e  
inflorescence is suppor ted  by the genera l  lack of an 
identifiably terminal flower or o ther  s t ruc ture  on the  
capitulum (Lawalree, 1948). Only rarely a r e  terminal flowers 
found, and  they a re  interpreted a s  the  c o n se q u e n c e  of a  
secondary  condensat ion  of h e a d s  (Leins and  G em m eke ,  1979; 
C lassen-Bockhoff  e t  al. 1989).
S e q u e n c e  of floral in i t ia t ion-Many au tho rs  have  provided
solid ev id en ce  for the  strictly acropeta l ,  or centripetal ,  
direction of flower initiation on the  su r face  of the  
in f lo rescence  meris tem. Explicitly s t a te d  or portrayed 
acrope ta l  floral initiation in m icrographs  or c a m e r a  lucida 
drawings have been  shown for: T a r a x a c u m  officinale (Coulter, 
1883); S o l i d a q o (Martin, 1892); X a n th iu m  (Farr, 1915;
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Salisbury, 1985); L a c l u q a  s a t iv a  (illustrated a s  acropeta l  in 
J o n e s ,  1927, although cal led s im ultaneous in text; Moncur, 
1981); Beilis p e  t e n n i s  (Philipson, 1946); G a l i n s o g a  pa rv i f lo ra  
(Lawalree, 1948); Zinnia hflfl£ana, C rep is ru b ra , and  C e n t a u r e a  
c v a n u s  (Rauh and  Reznik, 1953); Helianthus a n n u u s  (Marc and  
Palmer, 1978b, 1981); E c h in o p a  e x a l ta tu a  (Leins and  G em m eke,  
1979); T u s s i l a o o  fa r fa ra  (Wardlaw, 1961); E a r H m m u a  
t inc tor ius  (Moncur, 1981); E a l a o r i n l a  a r v e n s i s  (Hilger and  
R e ese ,  1983); C h r y s a n th e m u m  m c d to lm m  (Popham and  Chan, 
1952; Horridge e t  al. 1985); D im o r p h o th e c a  fiUMaiia , a nd  
O s t e o s p e r m u m  vaiUantii (R e e se  and  Hilger, 1984), and  
Hel ip te rum  r o s e u m  and  Hel ichrysum b ra c t e a tu m  (Sharm an  and  
Sedgley ,  1988).
The p h e n o m e n o n  of d e layed  ray flower initiation until after 
the  disk flowers have  a lready begun  to develop  (i.e., not 
strictly acropeta l /cen tr ipe ta l)  h a s  b e en  reco rded  only rarely: 
C o s m o s  b ip inna tus  (Molder and Owens,  1973, 1985) and  
E r iq e ro n  p h i l a d e lo h ic u s  (Harris e t  al., 1991) or merely 
depicted, but  not c o m m en ted  upon, for S i lphium (Merrell,
19 0 0 ) .
S e q u e n c e  of floral d e v e lo p m e n t -Fo l lowing  initiation, the  
s e q u e n c e  of su b s e q u e n t  development  among the  flowers on a  
h ead  h a s  often been  show n to follow an  acropetal  pattern. 
S o l i d a q o (Martin, 1892), Iva xan th ifo l ia  (Farr, 1913), ,0 „r.e.pj.S 
lUbia, and  C e n ta u r e a  c v a n u s  (Rauh and Reznik, 1953), L3 £ M ?3 
s a t iv a  (Jones ,  1927; Moncur, 1981), C a r th a m u s .  t inc to r ia  
(Moncur, 1981), and  Helip te rum  r o s e u m  and H e l ich rysum  
b r a c t e a tu m  (Sharman a nd  Sedgley,  1988) all p o s s e s s  
h o m o g a m o u s  h e a d s  th a t  show  uniformly acropeta l  (centripetal) 
development  on the  head .
There  a re  num erous  ex am p le s  of variations on the  strictly 
acropetal  cou rse  of deve lopm ent  on the head;  e.g. where  there 
is a  lag of the  ray flowers or o ther  peripheral  flower 
primordia, c o m p a re d  to the  remaining, central  disk  flower
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primordia in the  s e q u e n c e  of development on the head .  In this 
pattern,  the  ray flower primordia a re  initiated but  then  a re  
s u p p r e s s e d  (or b e co m e  dormant)  so  that  subsequen t ly  initiated 
disk flower primordia outstrip the  rays in both s ize  and  s tag e  
of development. This may be  s e e n  in: C a le n d u la  officinalis 
(Payer,  1857); C a l& n d u ia  a r v e n s i s . Q i im m faf l i i ieqa  Piuvial is . 
a n d  O s t e o s p e r m u m  vailiantii (R e ese  and  Hilger, 1984);
S i lp.hium (Merrell, 1900); C h r y s a n t h e m u m  morifolium (Horridge 
e t  al., 1985); CJir-y££mihem m  le .u c a n the m u m, { M in s& g a  
p a r viflp r a  (Lawalree, 1948), JRalli.s. p e r e n o i s  (Philipson, 1946; 
Lawalree, 1948); T u s s i l a q o  fa rfa ra  (Wardlaw, 1961); and  
E r ia e ro n  P h i la d e lp h ic u s  (Harris et  al., 1991).
Other s e q u e n c e s  of overall floral development  (and anthesis)  
though rare, usually indicate a  condensat ion of heads :  E c h in o p s 
exa l ta tus  (Leins and  Gem meke,  1979); E. s o h a e r o c e o h a l u s  
(Kruse and  Meusel, 1969; Kunze, 1969); S v n c e o h a la n th a  
■decip ien.S., and  M vr iocepha lus  gracilis (Kunze, 1969). The 
"flower groups" of G u n d e l i a  tournefort i i  (C lassen-Bockhoff  e t  
al., 1989) develop basipetally in each  group, but the groups  on 
the  head  develop in an  overall acropetal  seq u en c e .
EVENTS IN FLORAL DEVELOPMENT
The order of o rganogenes is  in the  C om posia tae  is generally 
corolla first, then s t a m e n s ,  a n d  finally gynoecium (Table 2.1). 
The pappus ,  if a lso present ,  may a p p e a r  a t  any s ta g e  during 
o rg an o g e n es i s ,  but  is rarely initiated a s  the  first organ  set.
The a p p e a ra n c e  of individual o rgans  within each  whorl or s e t  
is general ly s im ultaneous  (Leins and  Erbar, 1987; Harris, pers.  
obs.).  Non-s imultaneous initiation of m em b ers  of an  organ 
whorl is occasional ly  ment ioned for ca rpe ls  (Haenlein,  1874; 
Lawalree, 1948), a n d  for s ta m e n s  and  papp u s  m em bers
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(Sattler, 1973). If a  ring meristem p re c e d e s  the  a p p e a ra n c e  of 
su b seq u e n t  m em b ers  of an  organ whorl such a s  corolla lobes or 
p a p p u s  m em bers ,  initiation is regarded  a s  s imultaneous.  An 
example  is s e e n  in the  corolla lobes of E r iqeron  p h i la d e lp h ic u s  
(Harris e t  al., 1991), which a re  differentiated from the  corolla 
ring meris tem in a  unidirectional s e q u e n c e .
SUMMARY
The large natural family A s te ra c e a e  h as  interesting problems 
for sy s te m a t i s t s ,  a n a to m is t s  a n d  morphologists ,  particularly 
in the  study of inflorescence a n d  floral development .  
Developmental  information is often p roduced  by s tud ies  that  
have  o ther  goals .  Initially, ana tom is ts  studying deve lopm en t  
used  the  light microscope and  concentra ted  on vascula ture  and  
histological even ts .  More recently, developmenta l  biologists 
have  employed the  SEM, often in conjunction with the  light 
m ic ro sc o p e .
The historical charac ter iza t ion  of floral initiation a nd  
development  on the  A s te ra c e a e  head  a s  uniformly 
acropeta l /cen tr ipe ta l  is not entirely accu ra te .  Non-acropeta l  
even ts  have been  recorded in so m e  taxa, although they have  not 
always been  recognized a s  such. Often, but not always, non- 
acropetal  even ts  indicate the  p re s e n c e  of a  secondarily  
r ed uced  inf lorescence.
A particular order  of initiation; i.e., corolla, s t a m e n s ,  and  
gynoecium, is canalized throughout the  family. The pappus ,  
however,  h a s  a  variable  o n se t  of initiation a c ro s s  the  family 
(but is cons is ten t  in timing within any particular spec ies) .  
O rg an s  in a  whorl a re  general ly  initiated simultaneously, with 
few excep t ions .
Table 2.1. Orqanoaenetic sequences for Asteraceae.
S p e c i e s _________________ Tribe  Disk fl. Rav fl.______ R e fe re n c e
Subfamily: A s te ro ideae
A c h i l l e a  m i l le fo l iu m  A nt
A r t e m i s i a  t r i d e n t a t a  Ant
Ursin ia  sp. A n t
A s te r  sp.  A s t
Beilis p e r e n n i s  A s t
C h ry so th a m n u s  n a u s e o s u s  Ast 
E r iqe ron  p h i la d e lp h icu s  Ast
S,Q.|idag,Q. sp  A s t
C a le n d u la  a rv e n s i s  Cal
■Cale.nd.uJa a o / g a s l s  Cal
D im o r p h o th e c a  pluvialis C a l
ng Co,G
Co,S,G (d isco id )  
P,Co,S,G P,Co,S,G
Co,S/P,G ng
Co/S,G,P Co,S*,G,P
Co,S,P,G (d isco id )  
Co,P,S,G Co,P,G
Co,S/P,G (d isco id )
ng Co,G
Co,S,G Co,G
Co,S,G,P* Co,S,G,P*
Leins & Erbar, 
1 9 8 7
Diettert ,  1938
S c h e e f e r -  
Pom p l i tz ,1  9 5 6
Martin, 1892
Leins & Erbar, 
1 9 8 7
Snow, 1945
Harris e t  al., 
1 99 1
Martin, 1892
Hilger &
R e e s e , 1983
R e e s e  & Hilger, 
1 9 8 4
R e e s e  & Hilger, 
1 9 8 4
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Table 2.1 .c o n t in u ed
S p e c i e s Tribe  Disk fl. Rav fl. R e fe re n c e
O s t e o s p e r m u m  vaillanti i Cal Co,S,G Co,S*,G R e e s e  & Hilger, 
1 9 8 4
C a l e n d u l a  off ic inal is Cal ng Co,S,G,P Leins & Erbar, 
1 9 8 7
A m b r o s i a  m a r i t im a Hel Co/G ng Payer,  1857
B idens  f r o n d o s a Hel Co,S,P,G ng Leins & Erbar, 
1 9 8 7
C o re o p s i s  sp. Hel Co,P,S,G Co,P,S,G S cheefe r -  
P o m p l i t z , 1 9 5 6
Gai l la rd ia  sp. Hel Co/P,S,G Co/P,S,G Scheefe r -  
P o m p l i t z , 1 9 5 6
H el ian thus  sp. Hel Co,P,S,G Co,P,S,G Scheefe r -  
P o m p l i t z , 1 9 5 6
Heliops is  s c a b r a Hel Co,P,S,G Co,P,S,G Payer,  1857
Silphium spp.(5) Hel Co,S,G,P Co,S,G,P Merrell, 1900
T a p e t e s  p a tu la Hel Co,P,S,G Co/P,S,G Sat t le r ,  1973
Xanthium c o m m u n e Hel fe m a le :  Co,G 
male:  Co,S,G
Farr, 1915
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Table 2.1. continued
S p e c i e s _________________ Tribe  Disk fl Ray fl_______R e fe re n c e
Subfamily:  C ichor io ideae
C a r t h a m u s  t in c to r iu s Cyn Co,S,G (d isco id ) Moncur, 1981
C ir s iu m  sp Cyn P,Co,S,G ( l ig u la t e ) Sch ee fe r -  
P o m p l i t z , 1 9 5 6
E c h i n o o s  e x a l t a t u s Cyn Co,S,G,P (d isco id ) Leins &
Gemmeke,1979
C a ta n a n c h e  sp. Lac Co,S/P ,G ( l ig u la t e ) S c h e e f e r -  
P o m p l i t z , 1 9 5 6
C icho r ium  in tv b u s Lac Co,S/P,G ( l ig u l a t e ) Payer,  1857
M ic ro s e r i s  d o u g l a s i i Lac Co,S/P,G ( l ig u l a t e ) Leins & Erbar, 
1 9 8 7
L a c tu c a  s a t i v a Lac Co,S/P,G ( l ig u l a t e ) Jo n e s ,  1927
L a c tu c a  s a t iv a Lac Co,S/P,G ( l ig u l a t e ) Moncur, 1981
T a r a x a c u m  off ic inal is Lac Co,S,G,P ( l ig u l a t e ) Coulter , 1883
I m a o o o a o n  p r a t e n s i s Lac Co,S,G/P ( l ig u l a t e ) Sa t t le r ,  1973
Tragopogon sp. Lac P,Co,S,G ( l ig u l a t e ) S c h e e fe r -  
P o m p l i t z , 1 9 5 6
Table 2.1. continued
Co = Corolla 
S = S tam ens  
P = Pappus 
G = Gynoecium
/ = indicates  s im u l ta n eo u s  initiation
* = occasionally  noticed
ng = not given in the  study
(ligulate) = spp .  with ligulate flowers only
(discoid) = spp. with disk flowers only
Organogenetic  s e q u e n c e s  to be  read from left to right; i.e. Co, 
S, P, G indicates that  the  corolla initiates first, s t a m e n s  next, 
then the  p a p p u s  and  finally the  carpels .
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ABSTRACT
The order  of floral initiation and  s u b s e q u e n t  o rganogeny  of 
E r igeron  p h i lad e lp h icus  L. (Asteraceae:  Astereae)  w a s  found to 
dev ia te  from the  acropeta l  pattern generally reported for the  
A s te rac ea e .  Light micrographs show periclinal divisions in the 
first, second ,  and  d e e p e r  subsurface  layers of cells on the  
flanks of the  inflorescence apex  a s  the  earl iest  ev idence  of 
floral initiation. Scann ing  electron m icroscope  micrographs 
indicate that  the  disk flowers a p p e a r  first and  arise  a s  small 
p ro tu b e ra n ce s  approximately  one-third of the  way up the 
previously undifferentiated highly convex inf lorescence  apex.
A succe ss io n  of disk flowers a r i ses  acropetally  in a  complex 
anthotaxy charac ter ized  by about  21 dex trorse  and  12-15 
sin is t rorse  pa ras t ich ies  (al though this pa t tern  is o b scu red  at  
the  apex). After one  to three  disk flowers have  been  initiated 
in e a c h  parast ichy,  the  first ray flower initials can  be s e e n  to 
initiate in s i tes  proximal to the  oldest  and  largest  disk 
flowers. Additional ray flowers then  initiate basipetal ly 
following the  dex tro rse  pa ras t ich ies  e s tab l ished  by the  disk 
flowers. Overall floral initiation on the  inf lorescence  apex 
p ro c e e d s  acropetally  for the  disk flowers a n d  basipetally for 
the  ray flowers until the  available  s p a c e  is filled. Floral 
deve lopm en t  a d h e r e s  to the  s a m e  p lan -p ro c ee d in g  
bidirectionally on the  inf lorescence  meris tem with the  o ldes t  
and  most  complete  flowers of both types located on the 
e q u a to r  e s tab l i sh ed  a t  initiation.
36
INTRODUCTION
Floral initiation, development ,  and  an thes is  of A s te ra c e a e  a re  
general ly  d esc r ibed  a s  occurring in an  acropeta l  or centripetal 
direction on the  capitulum (Payer,  1857; Buchenau,  1872; 
Haenlein , 1874; Philipson, 1946; Lawalree, 1948; Cronquist,  
1955, 1977; Sattler,  1973; R e e s e  and  Hilger, 1984). The 
inf lorescence  is general ly  v iewed a s  being reductively derived 
from a  con trac ted  ra c e m e  (Burtt, 1977; Jeffrey, 1977;
S tebbins ,  1977). Floral initiation beg ins  with primordia 
arising immediate ly distal to the  upperm os t  (most  recently 
formed) involucral brac ts  and then continues  acropetally. In 
radia te  s p e c ie s  (p o sses s in g  both ray and  disk flowers) that  
have been  descr ibed  (Popham and Chan, 1952; Moncur, 1981; 
Hilger and  R e e s e ,  1983; Leins and  Erbar, 1987), the  prescribed 
num ber  of rays is p roduced  first ( inflorescence A in Fig. 1), 
and  then  with little or no transitional floral forms, the  
ou te rm o s t  disk f lowers a re  initiated in cont inous  acropeta l  
initiation until th e  inf lorescence  apex  is filled. Generally,  
s u b s e q u e n t  deve lopm ent  and  an thes is  on the  capitulum follow 
the  o rd e r  e s tab l i sh ed  a t  floral initiation (Philipson, 1946;
Marc and  Palmer, 1978).
A comparat ive  study of inflorescence and  floral on togeny  of 
m em b ers  of the  A s te rac ea e  is under way [employing the  
scanning  electron microscope (SEM) and  sect ioned buds  for the 
light microscope] of which this work is a  part  (Harris, 
unpublished da ta ) .  The  objective of this overall project is to 
explore  in f lo rescence  deve lopm ent ,  floral initiation, a n d  early 
d eve lopm en t  in represen ta t ive  sp e c ie s  of e ac h  tribe of the  
A s te raceae .  Results  from Erig e ro n  p h i lade lph icu s  a re  
p re sen te d  he re  separa te ly  to do cu m en t  previously unrecorded
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pa t te rn s  of floral initiation and  d eve lop m en t  found in this 
spec ies .  The larger overall study is de s igned  to tes t  and  to 
have applications on severa l  levels: 1) Record pa t terns  of 
floral on togeny  tha t  te s t  tribal, or other,  delimitations;  2 ) 
Tes t  c lass ical  h y p o th e s e s  of A s te ra c e a e  floral ontogeny,  such  
a s  the  uniform distribution of acropeta l  floral initiation a n d  
d eve lopm ent  in the  family (Payer,  1857; Buchenau ,  1872; 
Haenlein, 1874); 3) Investigate the  morphological c a u s e s  and  
effects  of in s tances  of heterochrony,  supp re ss io n ,  a nd  o ther  
developmental  p h e n o m e n a  in the A s te raceae .  As inflorescence 
an d  floral deve lo pm en t  a re  recorded for individual sp e c ie s  
r ep re se n ta t in g  different tribes,  d e v e lo p m e n ta l  p a th w ay s  
charac ter is t ic  of higher o rders  in the  A s te r a c e a e  should 
b e c o m e  evident.
MATERIALS AND METHODS
Material of £ .  p h i l a d e l p h i c u s . a  biennial or short-lived 
perennial  s p e c ie s  w id esp read  throughout  North America 
(Cronquist,  1980), w a s  collected in February  1986 from the  
c a m p u s  of Louisiana S ta te  University, Baton Rouge, Louisiana. 
In f lo rescences  of all a g e s  w ere  fixed in formalin-acetic  acid- 
alcohol (FAA: 90 cc  50% ethanol: 5 formalin: 5 acetic  acid). 
Voucher  sp e c im e n s  (Elizabeth Harris # 1 1 7 1 were  deposi ted  in 
the  Louisiana S ta te  University Herbarium (LSU). The p reserved  
material w a s  d issec ted  a n d  exam ined  in 95%  ethanol, 
d e h y d ra ted  in an  a lcoho l /ace tone  se r ies ,  and  critical-point 
dried in a  Denton DCP-1. Spec im ens  were  then mounted on SEM 
s tu b s  a n d  c o a te d  with gold-palladium in a  Hum m er II sputter-  
coater .  The  p repa red  floral material w a s  s tudied with a  
Hitachi S-500 SEM at  25 kV and  representa t ive  micrographs 
w ere  made.
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For sectioning, p rese rv ed  material w a s  dehydra ted  in 
tertiary-butyl alcohol and  e m b e d d e d  in "Paraplast ."  Sec t ions  
w ere  cut  7 pm  thick with a  rotary microtome, mounted  on 
slides, a nd  then  s ta ined  sequential ly with safranin and  alcian 
g reen ,  modified from Joel  (1983), for s tudy with the  light 
m ic ro sc o p e .
The use  of SEM in addition to light microscope findings h as  
proven to be  valuable, a n d  occasionally indispensable,  for 
deve lopm enta l  s tudies .  O ne  of the  main difficulties 
en co u n te re d  in the  p re s e n t  s tudy re la tes  to the  limits of 
t is sue  sect ioning. While obtaining a  median sect ion of an 
inflorescence is poss ible ,  individual flowers may or may not 
be median. In addition, even if the  entire sect ion is median, it 
is impossible  for all the  flowers of any  part icular parast ichy 
to a p p e a r  in one  sect ion due  to the  angle  of the  parast ichies '  
a s c e n d e n c e  on the  inflorescence (Fig. 1), unless,  of course ,  one  
m a n a g e d  to sect ion at  precisely  that  ang le  rather  than  parallel 
to the  axis. Thus,  o n e  may obtain sect ions with a  few median 
flowers, su r ro un d ed  by flowers that  a re  just  nonm edian  to 
barely glancing. Depending on the section chosen ,  a lmost  any 
s e q u e n c e  of initiation could be  dem ons tra ted .  Clearly, for 
c o m p a ra t iv e  in f lo rescence-w ide  e v en ts ,  light m ic roscope  
sec t ions  a re  not enough .  With the  three-dimensional  image 
a ttainable  with the  SEM, however,  inf lorescence e v en ts  a re  
easily noted and  recorded.  The two techn iques  complement  
e ac h  o ther  for a  more com ple te  elucidation of inflorescence 
and  floral ontogeny.
T e r m s - A s  unique developmenta l  even ts  occur in £ .  
p h i l a d e l p h i c u s . new terminology is n e c e s s a r y  to facilitate 
description a n d  d iscussion.  The  "equator  of origin" or simply 
"equator" is defined a s  the  encircling zo n e  on the  inflorescence 
which g ives rise to disk flowers distally and  ray flowers 
proximally (dotted line on inflorescence B in Fig. 1). The term 
"bidirectional" a s  u se d  he re  applies  to initiatory and
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developmenta l  even ts  of all flowers on an inflorescence and 
not to o rg ano g en es is  of an  individual flower. Thus,  the  pattern 
of s im u l tan eo us  acropeta l  and  bas ipeta l  floral initiation and  
deve lo p m en t  originating from the equ a to r  is called 
bidirectional ( inflorescence B in Fig. 1), in con tras t  to the 
strictly ac rope ta l  or centr ipe ta l  pa t te rn  ( inf lorescence  A in 
Fig. 1 ) found in most  A s te rac ea e  reported.
RESULTS
G e n e r a l  h a b i t - E .  p h i la d e lp h ic u s  e m e r g e s  in the  early spring 
a s  a  basa l  rosette . Eventually the  shoot  bolts, producing the 
e longa te  main axis which attains an  av e rag e  height of 50 cm in 
the  population studied.  The  usually solitary axis b e a r s  a  
terminal inf lorescence  a n d  severa l  s e co n d a ry  in f lo rescences  
(Figs. 2, 3, 4). At an thes is ,  the  inflorescences a re  15-20 mm 
broad, with no distinction in s ize be tw een  the terminal and 
se co n d a ry  inflorescences .  Each se con d a ry  inflorescence is 
initially borne  in an inflorescence bract  axil (Figs. 3, 4), but a s  
the  inflorescence a p p ro a c h e s  an th e s i s  the  peduncle  e longa tes  
leaving the  bract  below. Development  of the  inflorescences on 
the  plant axis begins  with the  terminal inf lorescence and  
p ro ceed s  basipetally (Fig. 4). This s e q u e n c e  co rre sp on d s  to the 
s implest  synf lo rescence  groundplan  of the  A s te raceae ,  a  
paniculodium (Kunze, 1969), in which e ac h  inflorescence is 
borne  independently  and  the terminal inf lorescence  is the  first 
to undergo an thes is  which then p ro c e e d s  basipetally down the  
axis. Approximately 270 disk flowers and  310 ray flowers 
w ere  produced  on a  single capitulum in the  study population.
The  p e n ta m e ro u s  disk flowers a re  perfect  and  fertile, with 
uniformly yellow corollas , exhibiting radial symmetry.  Disk 
corollas (including the  tube  and  individual lobes) a re  2.5-3 mm
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long and  0.3-0.5 mm wide at  anthesis .  The ray flowers a re  
pistillate, fertile, a n d  white  to pinkMavender. Ray flower 
corol las  a re  bilaterally sym m etr ica l  with a  strap-l ike ligule 
a t  a n th e s i s  resulting from the  differential e n la rg em en t  of the  
abaxial portion of the  corolla. Ray corolla limbs a re  5.5 to 6 
mm long, tube  length is 2-2.5 mm for a  total of 7.5-8 mm for 
the  entire ray corolla. Lacking in the  ray flowers a re  s t a m e n s  
and  any  indication of corolla lobes or teeth. Both floral types  
produce  fertile a c h e n e s  which m e a su re  0.5-0.75 mm long and  
0.1 mm wide, and  each  a c h e n e  bears  a  pappus  of numerous 
s im p le  br is t les .
I n f l o r e s c e n c e  d e v e l o p m e n t - T h e  first floral primordia a re  
initiated when  the  inflorescence apex  is in the  range  of 325- 
450 pm in d iam eter  and  190-255 pm in height (Figs. 5, 6 ); 
location of the  primordia indicates that  they a re  the  ou term ost  
disk flowers. The darkly staining (Figs. 4, 6 ) surface  
meris tematic  layers tha t  overlay a  highly vacuo la te  core  
c o r re sp o n d  to Gregoire 's  (1938) inflorescence mantle  layers. 
Primordia ar ise  on the  flank of the  hemispheric  inflorescence 
apex  at  the  equator ,  abou t  one-third to one-half  of the  
d is tan ce  from the b a s e  of the  inflorescence a t  the  level of 
involucral b rac ts  to the  tip of the hemispheric  inf lorescence 
apex.  In Figs. 5 and  6 , the  first disk flowers a re  initiating; in 
Fig. 7, severa l  a re  p resen t  over the  surface . S u b s e q u e n t  disk 
f lowers a re  then  initiated acropetal ly  a long low-angle 
paras t ich ies .  Num erous  disk flower primordia a re  formed over 
the  surface  in quick su ccess ion ,  before earlier o n e s  enlarge.  
After the  initiation of o n e  to th ree  disk flowers, the  first ray 
primordia a re  initiated proximally or basipetally  to the  
lowermost  and  o ldes t  disk flowers (Fig. 7) in the  meris tematic  
b an d  which encircles  the  inflorescence below the equator .  
Further  initiation of ray flower primordia p r o c e e d s  basipetal ly  
to fill the  remaining meris tematic  s p a c e  (Figs. 1b, 9, 11) 
be tw een  the  equa to r  and  the region of involucral bract  
primordia. An individual paras t ichy  ultimately includes  from
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five to eight ray flowers (Figs. 9, 1 2 , 38) which continue  the  
s a m e  21 dex trorse  paras t ich ies  es tab l ished  by the disks (Fig. 
12). While 12-15 sinistrorse  paras t ich ies  may be  delimited 
for the  disk flowers (Fig. 13); ray flowers do not consistently  
a d h e re  to the  paras t ich ies  in this direction. While the  ray 
f lowers a r e  initiating basipetal ly, disk flowers con t inue  to be  
initiated in an  acropetal  order  and  eventually "use up" the 
inflorescence apex. As the parast ichies converge  on the apex  
of the  inflorescence,  individual pa ras t ich ies  m erge ,  obscuring 
their pattern. No one  flower can  be said to be  in a  strictly 
terminal position (Fig. 13), rather, the terminal f lowers of 
e a c h  paras t ichy  c o m pe te  for the  limited s p a c e  available.  
Enlargement  of the  surrounding primordia soon o b sc u re s  (Fig. 
14) the  remaining uncommitted  inflorescence m er is tem  (Fig. 
13, arrow) which is presumably  too small to p roduce  ano the r  
floral primordium.
Floral deve lopm ent  on the inflorescence follows the 
bidirect ional  p a t te rn  e s t a b l i s h e d  during initiation—th e  first 
flower primordia to initiate o rg a n o g e n es i s  a re  th o s e  located 
c lo se s t  to the  equa to r  with o rg a n o g e n es i s  radiating outward  
from this line in a  bidirectional fashion (Fig. 1 2 ). The  oldest,  
m ost  basa l  disk flowers located on the equa to r  begin 
o rganogenes is .  The o rganogenes is  of disk flowers then 
p ro c e e d s  acropetally  on the  capitulum (Figs. 12, 13). 
Success ive ly  younger  a n d  more central  disk flowers a re  
a lw ays  a t  correspondingly  earlier s t a g e s  of d eve lopm en t  than 
the  basa l  o n e s  (Figs. 12, 13). In both floral types, the  oldest  
a nd  largest  primordia, located on the  equator ,  a re  the  first to 
initiate o r g a n o g e n e s i s .
The o n se t  of o rg an og en es is  for the  ray flower primordia is 
de layed  in £ .  p h i l a d e lp h i c u s . producing a  definite lag in 
d eve lopm en t  of ray flowers (Figs. 12, 28, 30) behind that  of 
disk flowers of the s a m e  age .  O rganogenes is  in the  ray 
flowers d o e s  not begin until the  ad jacen t  disk flowers a t  the
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equato r  have  a lready enlarged  and  produced corolla lobes, 
pappus ,  and  s tam en  primordia (Figs. 28, 42).
Disk f low er  d e v e l o p m e n t -F lo ra l  primordia a re  initiated by 
periclinal divisions in the  first and  s e c o n d  su b su r fac e  layers 
of the  inflorescence (Figs. 6 , 8 , arrow) and  will b e c o m e  the 
ou term ost  disk flowers. Relative s izes  of both disks a n d  rays 
at  com parab le  s t a g e s  in development  a re  given in Table 3.1. 
After initiation, the  floral primordia e x p an d  into rounded  
p ro tub e ran ces  by more randomly oriented cell divisions in the 
first, second ,  and  third subsu rface  layers (Figs. 10, 11). The 
primordia then  b e c o m e  flat apically (Figs. 15, 16, left flower)- 
-the "plug" s t a g e  (Erbar, 1988). A ring meris tem forms (Figs. 
15, 16, right flower), resulting in the  formation of an  apical 
indentation (Figs. 15, 16). Five distinct swellings on the 
corolla ring meristem a p p e a r  in rapid success io n ,  but  not 
synchronously, to b e c o m e  the corolla lobe primordia (Fig. 17, 
flower in right foreground) by m e a n s  of subapica l  initials 
(Figs. 16, 18, arrows). First to a p p e a r  is the  abaxial corolla 
lobe primordium (Fig. 12, arrow labelled "A") located on the 
flower's median longitudinal plane. Next to a p p e a r  a re  the  two 
lateral corolla lobe primordia (Fig. 12, arrow labelled "L").
Last  to a p p e a r  a re  the  two adaxial primordia (Fig. 12, arrow 
labelled "X"). Action of the  subapical  initial (Fig. 16, arrows) 
p roduces  short  files of cells (Fig. 18) which c a u s e s  the  corolla 
lobes to expand  into e rec t  bulges which then arch inwards 
covering the  interior of the  flower (Figs. 21-24).
After the  corolla ring meris tem is present ,  the  p a p p u s  ring 
meris tem a p p ea rs .  Periclinal divisions in the  first su b su r fac e  
layer encircling the  flower midway be tw een  the  b a s e  a n d  apex  
of the  floral primordium p re c e d e d  by cell e n la rg em en t  (arrow 
in Fig. 20; Fig. 18 sh ow s  an earlier s t a g e  with s o m e  cell 
en largement)  a re  the  first ev idence  of the  p a p p u s  ring 
meristem. The p a p p u s  briefly remains  a s  an undifferentiated 
ring meristem, s e e n  externally (arrow, Figs. 17, 19) a s  a  slight
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bulge girdling the  flower midway. The primordial p a p p u s  ring 
m er is tem  quickly d ifferent iates  to p rodu ce  nu m ero u s  
individual primordia synchronously  (Figs. 21, 23), which 
b e c o m e  the  individual p a p p u s  bristles (Figs. 26, 27).
The five s tam en  primordia arise synchronously  very soon 
after the  pappus ,  or in s o m e  c a s e s  overlapping with the  
inception of the  p a p p u s  ring primordium. S ta m e n  initiation 
resul ts  from periclinal divisions in the  su b su r fac e  layer (Fig. 
20). The s ta m e n  primordia a l ternate  with the  corolla lobe 
primordia and  a re  located on the  s ides  of the  con cave  floral 
ap ex  (Fig. 19) which rem ains  meris tematic  (Fig. 20).
The last o rgans  to form a re  the  two carpels . The  carpels  a re  
initiated (Fig. 22, arrow) on the  s id e s  of the  c o n ca v e  floral 
ap ex  below the s tam en s ,  and lie on the median plane of the  
flower. Initially free (Fig. 2 2 ), the  ca rpe ls  en large  a n d  b e co m e  
a p p r e s s e d  (Fig. 24) a t  abou t  the time that  the  individual pap pu s  
primordia begin to en la rge  (Figs. 23. 24). The ap ices  of the two 
c arpe ls  e longa te  by genera l  cell division (Figs. 25, 26), 
remaining a p p re s s e d  but  not fusing a t  this time. O ne  ovule per 
flower is initiated basal ly  (Fig. 25) in the  single joint locule 
of the  carpels . The ovule is anatropous  (Fig. 27) and  has  one  
integument. Further deve lopm en t  of the  ovule w a s  not 
fo l lo w e d .
R a y  f low er  d e v e l o p m e n t - T h e  first recognizable  ray 
primordia on th e  inf lorescence  su r face  a re  noticeably smaller  
than the  disks a t  the  equa to r  (Table 3.1; Figs. 9-11). This 
disparity in s ize  be tw een  disk a n d  ray flowers is maintained 
during early developmenta l  s t a g e s  (Figs. 10, 11). Only shortly 
before  an thes is  d o e s  the  ray corolla exp an d  and  overtake  the 
d isks  in length (Fig. 14). Initiation of ray flower primordia 
beg ins  with periclinal divisions in the  first a nd  s e c o n d  
su b su r fac e  layers (Fig. 11, arrow). The  ray flower primordium 
e x p a n d s  into a  rounded pro tuberance  (Fig. 4, arrow) by general  
cell division. The duration of this rounded s ta g e  s e e m s  to be
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so m e w h a t  prolonged in the  ray flowers, a s  relatively more 
primordia can  be  found in this s t a g e  on an inflorescence (Fig. 
1 2 ). The  apical  flattening into the  plug s ta g e  (Figs. 28, right; 
29, right) and  the  s u b s e q u e n t  deve lopm ent  of the  corolla ring 
meris tem (Figs. 28, left; 30, RM) occur  rapidly; flat- topped 
plug s t a g e s  may be  located but a re  few com pared  to the 
num ber  of flowers in the  ring corolla s ta g e  (Figs. 12, 28)
The corolla in the  form of a  ring meristem (Figs. 28-31, 33) 
is the  first s t ruc ture  to a p p e a r ,  after  which th e  floral a p ex  is 
concave .  The corolla is cylindrical a t  this s t a g e  (Fig. 30). Ray 
flowers of £ .  p h i l a d e l p h i c u s  fail to develop  distinct corolla 
lobe primordia on the  corolla ring meristem, nor a re  any teeth , 
lobes,  or no tches  s e e n  in later s t a g e s  of ray flower 
deve lopm ent  (Figs. 2 , 14, 40). The limb of the  ray flower 
deve lops  an evenly rounded apex  which is retained throughout 
deve lopm ent .  Differential ex pans ion  of the  corolla ring 
meris tem begins  with abaxial  en la rgem en t  (Figs. 36, 37) a s  the  
first indication of bilateral symmetry.  The  adaxial  portion of 
the  corolla can  be  s e e n  during early ontogeny (Figs. 36-39, 
arrows) , but d o e s  not exp an d  after the  corolla ring meristem 
s ta g e .  The abaxial portion of the  corolla ring meristem 
develops  a s  a  blade by expanding (Figs. 36, 37), and  then 
elongating, and  curving upward (Figs. 14, 39-41).
While the  corolla is still in the  ring meristem s tage ,  the  
p a p p u s  ring meristem is formed (Figs. 30, arrow; 32) 
encircling the  ray flower just  below th e  corolla ring meris tem. 
Individual p a p p u s  primordia differentiate  from the  p a p p u s  ring 
meris tem more or less  synchronously  a s  s p a c e  permits (Figs. 
3 4 - 3 6 ) .
Ray flowers of £ .  p h i la d e lp h ic u s  completely lack s ta m e n s .  
T here  is no ev iden ce  morphologically or histologically of 
s t a m e n s  a t  any s ta g e  in the  ray flowers observed .
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At about  the s a m e  time a s  the  a p p ea ra n c e  of the  individual 
p a p p u s  primordia, two ca rpe ls  a re  initiated (Figs. 34, 35) on 
the  median p lane  of the  ray flower. The carpels  arise  in the 
subsu rface  layers of the c on cav e  floral apex  (Fig. 35) and 
a p p e a r  to occupy the level that  would be  the  staminal  position 
if s t a m e n s  w ere  initiated. G enera l  cell division will c a u s e  the  
ap ices  of the  carpels  to b e com e  a p p re s s e d  (Fig. 37) and  then 
curve upward (Figs. 38, 39) along with the expanding ray 
corolla limb. At the  s t a g e  of carpel  appress ion ,  the  basa l  
ovule is initiated (Fig. 37) in the  locule of the  two carpels .
The ovule is anatropous (Fig. 41) and  has one  integument. 
Further deve lopm en t  of the  ovule w a s  not followed.
DISCUSSION
Bidirectional floral initiation (inflorescence B in Fig. 1) h a s  
not b een  recorded a s  such  in the Aste raceae ,  although 
ins tances  of nonacropetal  even ts  have  been  noted (Molder and 
Owens,  1973; Leins and G em m eke,  1979). Generally, the 
s tud ies  involve sp e c ie s  with one  or two se r ies  of rays, rather 
than the  five to eight se r ies  found in £ .  p h i l a d e l p h i c u s . making 
the  determination of bidirectional e v en ts  more difficult. S o m e  
workers  have  noted  that  ray flowers a re  initiated first, but 
then a re  overtaken in s ize  and  development  by the  younger  disk 
flower primordia, leaving the  rays to com ple te  their 
d ev e lo p m en t  after the  more  acce le ra ted  disk flowers have  
d o n e  so  (Philipson, 1946; Lawalree, 1948; R e e s e  and  Hilger, 
1984); i.e., the  ray flowers develop  out of the  acropetal  
s e q u e n c e  on the  capitulum. In a  cyto-histological study of the  
re s p o n se s  of C o s m o s  b ip inna tus  Cav. ap ices  to photoperiod and  
gibberellin A3 , Molder and  G w ens  (1973) reported that  the  ray
florets a re  the  last to initiate after  two se r ie s  of involucral
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bracts  and  the  disk flowers. We view this a s  a  c lear  example  
of bidirectional initiation in the  tribe Heliantheae.  Leins and  
G e m m e k e  (1979) sh ow ed  that  floral initiation of E c h i n o p s  
e x a l t a t u s  S c h ra d e r  in f lo rescences  took p lace  acropetally, but 
s u b s e q u e n t  floral deve lopm ent  occurred in a  basipetal  
s e q u en c e .  However, s ince the head  of E ch in o p s  is interpreted 
a s  a  secondary  conglomeration of previously reduced  one- 
f lowered in f lo rescences  (Kunze,  1969; Jeffrey, 1978; Leins 
a n d  G em m ek e ,  1979; Petit, 1988), we think that  this 
ph en o m en o n  is not properly com parab le  to the  findings of the  
cu r ren t  work.
Preliminary ev idence  we have obtained su g g e s t s  that  the  
deve lopm en ta l  pa thw ays  involved in ray flower production 
differ from tribe to tribe. In s o m e  tribes, including the 
A s te reae ,  the  actinomorphic  disk flowers s e e m  to exhibit 
s impler  deve lopm en ta l  pa thw ays  (Merrell, 1900; Jeffrey,
1977; Harris, personal  observation) that  a p p e a r  to be  altered 
or e labora ted  by the rays. Other sp ec ie s  exhibit ray flower 
pr imordia which a t  initiation a re  markedly distinct in 
morphology a n d  symmetry  from disk flower primordia (Moncur, 
1981; Harris, pe rsonal  observation).
Figure 42  graphically depic ts  relative timing of e v en ts  in ray 
flowers com pared  to disk flowers in £ .  p h i l a d e l p h i c u s . As 
a bso lu te  time w a s  not m easu rab le ;  the  figure is subject ive,  
but  is useful for comparat ive  purposes .  Ray flowers p o s s e s s  
the  s a m e  type (but not size) of primordium a s  the disk flower- 
- rounded  p r o tu b e r a n c e s - a n d  they a re  initiated in th e  s a m e  
paras t ich ies .  The first s e t  of o rgans  to develop in both floral 
ty p es  is the  corolla ring meristem. Other  similarities be tw een  
the  two flower types  include the  pa t terns  of pappus ,  carpel ,  
a nd  ovule formation. Differences exist in timing of 
o rganogeny ,  the  overall s ize  of the  ray flowers, the  lack of 
s tam en  primordia (or p re s e n c e  of an empty s p a c e  they would 
have  occupied).
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The p resen t  study su g g e s t s  that  the  ray flowers of £ .  
p h i l a d e l p h i c u s  a re  not directly d e v e lo p m e n ta l^  derived from 
the  disk flowers. While similarities in on togeny  be tw een  the  
two floral typ es  exist,  no transitional flowers w ere  found at  
the  equa to r  of origin or e lsewhere .  This s u g g e s t s  there  is not 
a  physiological gradient  involved, but that  a  genotypic  even t  is 
responsib le ,  similar to the  sys tem  descr ibed  in the  ongoing 
work of Ford and  Gottlieb (1989). Jeffrey 's  (1977) h yp o th eses  
of corolla form evolution in the  A s te rac ea e  a re  corrobora ted  in 
part  by the  p resen t  study. In his schem e ,  both the 
actinomorphic  disk flower and  the  reduced  ray flower a re  
derived  from the  ances t ra l  bilabiate  flower, with the  
implication that  the  reduced  ray flower is more highly derived 
(i.e., has  g o n e  through more intermediate  forms). Thus, ray 
flowers a re  more derived in relation to the  disk flowers of £ .  
p h i la d e lp h ic u s . but may or may not be  homologous and  directly 
com p arab le  to ray flowers in other  taxa  of the  diverse  
A s t e r a c e a e .
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TABLE 3.1. Comparative s izes  of disk and  rav flowers in pm
S t a g e
Disk
Height Width
Ray
Height Width
Distinct  pr imordium 6 3 3 2 .5 2 3
Plug s t a g e 3 0 5 8 2 8 4 7
Corolla  ring meris tem 4 3 71 5 0 5 8
Corolla lobes 6 3 8 8 -  - -  -
P a p p u s  ring meristem 7 4 8 8 5 4 6 7
S ta m e n  primordia 9 5 1 0 0 -  - -  -
P a p p u s  m em bers 1 4 4 1 1 7 6 5 7 9
C a rp e l s 2 0 3 1 4 7 6 5 7 9
F ig u r e  1
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Fig. 1. Schematic  d iagram s of A s te rac ea e  inflorescences 
with basa l  involucral bracts ,  th ree  s e r ie s  of ray flower 
primordia (stippled circles) and  disk flowers (solid circles).  
Arrows indicate  order  of initiation. 1 A. G enera l  plan of 
acrope ta l  floral initiation and  d eve lopm en t  found in the  
A s t e r a c e a e  ( those  s p e c i e s  with flat ra ther  than  hemispherical  
cap i tu la  d e m o n s t r a te  centr ipetal  initiation, h om ologous  to the  
a c ro p e ta l  initiation illustrated here) .  1 B. Bidirectional floral 
initiation a nd  developm ent  of Er igeron  p h i l a d e l p h i c u s . The 
dot ted  line r e p re se n ts  the  equa to r  of origin.
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1. Erigeron philadelphicus
Plate 1. Figs. 2-4. Inflorescence a x es  of £ .  p h i l a d e lp h i c u s . 
All SEM views a re  oriented with the  a p ex  of the  inflorescence 
located towards the  top of the  micrograph and  the  b a s e  
towards  the  bottom un les s  un less  o therwise  noted. 2 . 
Approximately life-size inf lo rescence  axis  of JE. 
p h i l a d e l p h i c u s . Arrow indicates  the  terminal in f lo rescence  at  
the  center . 3 . Inf lorescence  axis  with two se co n d a ry  
inf lorescence  primordia (I) visible proximal to the  larger 
terminal inf lorescence a n d  located in th e  axils of 
inflorescence bracts  (B) which have  b een  removed. 4. Median 
longisection of slightly older  axis with disk (D) and  ray (R) 
flower primordia on the  terminal  inf lorescence  ap p ea r ing  a s  
rounded pro tuberances .  Bars = 50 pm.
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Plate 2 . Figs. 5-11. Inflorescence development  in £ .  
p h i l a d e l p h i c u s . 5, 6 . C om parab le  s t a g e s  of inf lorescence  
deve lopm ent .  5. SEM view of "bald" inflorescence,  shal low 
floral primordia may be  noted at the  equator  (arrow.) 6 . Median 
longisection of inflorescence similarly a g e d  to Fig 5. Increased  
meris tematic  activity may be  noted by the  d ense ly  staining 
region a t  the  arrow. 7, 8 . Com parab le  s t a g e s  of progress ing  
floral initiation. 7 .  SEM view of severa l  s e r ie s  of disk flower 
primordia that  have  (are) initiated in acropeta l  s e q u e n c e  (D), 
a nd  ray flower primordia (R) beginning to initiate in basipeta l  
s e q u e n c e .  8 . Median longisection of an  inflorescence with a  
region (be tw een  arrows) of severa l  periclinal divisions in the  
first su b s u r fa c e  level a n d  more randomly oriented divisions 
d e e p e r  that  will give rise to disk flowers. Ray flowers will be  
located in the  band  be tw een  the arrow-delimited region and  
the  b a s e  of the  involucral bract. 9 -1 1 .  In f lo rescences  with 
half of the  capitulum covered  with flower primordia. 9. SEM 
view of th e  s t a g e  in which the  disk flower primordia (D) a re  
a l ready  noticeably larger than the  ray flower primordia (R) 
which have  filled the  meristematic  band  from the  e qu a to r  
down to the  level of the  upperm ost  involucral bracts  (IB; most  
have  been  removed). The ray flower primordia s tand  in the  
s a m e  paras t ich ies  es tab l ished  by the  disks. 10. Median 
longisection of com parab le  s tag e  to Fig. 9, with disk a n d  ray 
flower primordia p resen t .  Ray flower primordia a re  not evident  
on the left a s  the  sect ion has  p a s se d  through a  region between 
pa ras t ich ies .  11.  Higher magnification of boxed portion of Fig. 
10 showing the  dem arca t ion  be tw een  disk flower primordia (D) 
an d  ray flower primordia (R) and initiation s t a g e s  of ray 
primordia (arrow.) Bars = 50 pm.
Erigeron philadelph icus
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Plate. 3 Figs. 12-14. Later s t a g e s  of inflorescence 
d eve lopm ent  in E. p h i la d e lp h ic u s . 12. SEM view of completed 
floral initiation. O r g a n o g e n e s i s  of the  disk flowers beginning 
with th o se  primordia located a t  the  equ a to r  an d  radiating 
upwards .  The  first recogn izab le  s t ruc ture  to differentiate 
from the  corolla ring meristem may be  s e e n  in the  third disk 
primordium up from the  equa to r  in any parastichy and  is the  
m edian  abaxial  corolla lobe (arrow labelled A.) Primordia that  
a re  s e c o n d  up from the equa to r  display the  next two corolla 
lobes  to differentiate  s imultaneously ,  the  lateral corolla lobes  
(paired arrows labelled L). The oldest  and  most  deve loped  disk 
primordia a t  the  equa to r  display the  last two corolla lobes 
located adaxially (paired arrows labelled X). Ray primordia a re  
still in the  plug s tage .  Bar = 50 pm. 13.  Polar SEM view of 
a n o th e r  inflorescence of approximately  the  s a m e  a g e  with only 
disk flower primordia visible. Arrow indica tes  the  terminal 
position that  is unoccupied.  Bar = 50 pm. 14. Inf lorescence  
prior to an thes is .  Ray flower corollas have  e x p an d e d  into 
ligules (R) which curve inward. Bar = 500 pm.
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4. Erigeron p h i l a d e l p h i c u s
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Plate 4. Figs. 15-22. Disk flower o rganogenes is  in £ .  
p h i l a d e l p h i c u s . 15, 16. Disk flower primordia in "plug" and  
corolla ring meris tem s ta g es .  15. Side SEM view of disk 
primordia, apex  of the  inflorescence located tow ards  the  left 
and  the  equa to r  to the  right. The corolla ring meristem (RM) is 
p resen t  in those  primordia a t  the equator. 16. Median 
longisections of com p arab le  s t a g e s  of plug (left) a n d  corolla 
ring m er is tem  (right), both exhibiting subap ica l  initials 
(arrows.) 17, 18. Corolla lobe primordia a n d  p a p p u s  ring 
meris tem s t a g e s .  17. SEM view of sightly d a m a g e d  disk flower 
on right with all five corolla lobes (c) differentiated from the 
ring meris tem corresponding  roughly to primordium on the 
right in Fig. 16. Corolla lobes of the  slightly older flower on 
the  left a re  more deve loped  and  the girdling papp u s  ring 
meris tem is not iceable  (arrows.) 18. Median longisection of 
disk flower a t  approximately  the  s a m e  s t a g e  a s  flower on left 
in Fig. 17. Action of the  subapical  initials (arrows) h a s  c a u s e d  
the  expansion  of the  corolla lobes, and short  files of 
derivatives may be  s e e n  in the subsurface  layer. The region on 
the  flanks of the  flower that  will b e a r  the  the  p a p p u s  ring 
meristem (p) d isplays s o m e  cell en la rgem ent ,  but no divisions. 
19, 20.  S ta m e n  initiation. 19. Oblique SEM view of flower at  
s t a m e n  initiation s tag e .  Five s tam en  primordia (s) a re  located 
on the  con ca v e  floral apex  alternate  with the  corolla lobe 
primordia (c), a n d  the  p a p p u s  ring meristem is evident below 
the  corolla (p.) 2 0 .  Median longisection showing a  periclinal 
division in the  first su b su r fac e  layer of s t a m e n  initiation (s) 
an d  p a p p u s  formation (p.) 21, 22 Carpel  initiation a nd  
differentiation of p a p p u s  m em bers .  21. SEM of older  disk 
flower in which the  individual p appus  m em b ers  (p) a re  evident  
on the p a p p u s  ring primordium. Corolla lobes (c) have ex p and ed  
and  a rched  inward and  the  corolla tube (t) h a s  e longated  to 
concea l  the  interior of the  flower. 22 .  Median longisection 
showing initiation of the  two carpe ls  (g) and  the  fusion of the
corolla tube  (t) and  the  developing s tam en  primordia (s.) Bars 
50 pm.
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Plate  5. Figs. 23-27. Further disk flower development  in £ .  
p h i l a d e l p h i c u s . 23, 24. Carpel  appress ion .  23 .  SEM with 
f lowers rem oved  a t  lower right, partial view of a  single  disk 
flower paras t ichy ,  with th e  flower a t  the  lower left having 
larger p a p p u s  m em b ers  than those  abo v e  it. Higher in the  
parastichy, the  p a p p u s  m em b ers  (p) a re  just beginning to 
expand .  24 .  Median longisection of a  com parab le  s ta g e  to the  
labelled flower in Fig. 23. Carpel  ap ices  (g) have  e longa ted  and 
b e co m e  a p p re ssed ,  and  the  ap ices  of the  pappus  m em bers  (p) 
a re  d e n s e ly  s ta in e d  reflecting their i n c re a sed  m er is tem atic  
activity. 2 5 .  Median longisection showing the continued 
elongation of the  ca rpe ls  (g), a n d  the  formation of the  basal  
ovule primordium (o), in the  single locule. 26 .  Median 
longisection of an older flower showing the  deve lopm en t  of the  
ovule (o) which is highly meristematic . 27. Nonm edian  
longisection of a  disk flower showing the  recurvation of the  
a n a t ro p o u s  ovule (o), a n d  pollen te t rads  p resen t  in the  an ther  
locules (a.) Bars = 50 pm.
6. Erigeron philadelphicus
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Plate 6 . Figs. 28-35. Ray flower development in £ .  
p h i l a d e l p h i c u s . 28, 29. Ray flower primordia in plug and  early 
corolla ring meris tem s ta g e s .  28 .  SEM view with the apex  of 
the  inflorescence to the  lower left and  the  b a s e  to the  upper 
right. Ray flower primordia c lo ses t  to the  equator ,  on the  left, 
show  the  deve lopm en t  of the  corolla ring meristem (RM), while 
th o se  located furthest  from the equa to r  on the right a re  still 
in the  plug s tage .  29 .  Median longisection of ray flower 
primordia in the  plug s tag e ,  left, and  early corolla ring 
m eris tem  s ta g e ,  right. 3 0 - 3 3 .  Late corolla ring meristem and  
p a p p u s  ring meristem s t a g e s .  30 .  SEM of ray flower primordia 
in late corolla ring meris tem (RM) s t a g e  and  slightly older 
s ta g e  above  and  c loser  to the  equator  in which the  pappus  ring 
meris tem (p) is evident a s  a  ridge encircling the  flower below 
the  corolla. 31 .  Median longisection of a  ray flower 
primordium in midcorolla ring meris tem s t a g e  corresponding  
to the  flower labelled "RM" in Fig. 30. 32. Median longisection 
of a  slightly older flower corresponding  to the  flower labelled 
"p" in Fig. 30 showing the  initiation of the  p a p p u s  (p.) 3 3 .
C ro ss  sect ion of a  ray flower at  the  corolla ring meristem. 3 4 ,  
3 5 .  Carpel  initiation. 34 .  SEM view of ray flower showing 
carpel  (g) and  p appus  m em b er  (p) initiation. 35. Median 
longisection of early carpel  (g) and p a pp u s  (p) initiation. Bars = 
50 pm.
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7. Erigeron philadelphicus
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Plate 7. Figs. 36-41. Continued ray flower development  in £ .  
p h i l a d e l p h i c u s . 36, 37. Enlargem ent  of the  abaxial portion of 
the  corolla ring meristem. 3 6 .  SEM view with the  abaxial half 
(b) of the  corolla ring meris tem starting to e xpand  while the  
adaxial portion (d) h a s  not. 37.  Median longisection of the  
s a m e  s tag e  showing the appress ion  of the  carpels  (g), the  
initiation of th e  ovule (o), a n d  the  s ize  differential be tw een  
the  abaxial (b) and  adaxial  (d) portions of the  corolla. 38, 39. 
expans ion  of the  abaxial portion of the  corolla to form the 
ligule. 3 8 .  SEM view of severa l  paras t ich ies  of ray flowers 
be low the disk flowers a t  the  equator .  Note the  basipetal  
cou rse  of deve lopm ent  by comparing the s ize of the  p appus  
m em bers .  The abaxial portion of the  corolla (b) curves  upward, 
while the  adaxial  portion just  visible at the  tip of the  arrow 
labelled "d" remains u nchanged  in size. Two carpels  (g) a re  
still visible. 39 .  Median longisection of similar s t a g e  showing 
the  development  and upcurving of the  ovule (o) and  the 
deve lopm en t  of the  abaxial portion of the corolla w ho se  
expansion  also c a u s e s  the  carpels  (g) to curve also. Note the  
relatively u n c h an ged  a s p e c t  of the  adaxial portion of the  
corolla (d.) 40, 41. Development  of the  ligule and  ovule. 4 0 .  
SEM view of the elongating ligule (b) and  p a p pu s  m em bers  (p.) 
41 .  Nonmedian longisection of a  com parab le  s ta g e  showing the 
recurvation of the  ana t ropous  ovule (o.) Bars = 50 pm.
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Fig. 42. Diagram of the  relative timing of ontogeny in disk 
flowers (upper  bar) and  ray flowers (lower bar) of the  s a m e  
a g e  in £ .  p h i l a d e lp h i c u s . As it w a s  not possible to m ea su re  the 
abso lu te  timing of the on togenetic  events ,  the  lengths of the 
s t a g e s  a re  only intended to c o m pare  floret deve lopm ent  and  to 
graphical ly illustrate the  marked  he te rochrony  o b se rv ed  in 
this sp e c ie s .
O n to g en ie s
Chapter  4
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INTRODUCTION
The inflorescence and  floral morphologies of 39 sp e c ie s  in 
approximately  12  tr ibes of A s te ra c e a e  were  com pared ,  using 
the  scanning electron microscope (SEM) to docum en t  the  early 
s t a g e s  of inflorescence and  flower development .
Investigations of this type  have  proven quite  useful with o ther  
families, such a s  legum es  (Tucker, 1989), the  L o a s a c e a e  
(Hufford, 1988a, 1988b), a n d  the  Zingiberales (Kirchoff, 1988), 
particularly in elucidation of unc lear  taxonom ic  affiliations.
In addition to the  sp ec ie s  of A s te raceae ,  four other sp e c ie s  
were  examined,  representing the th ree  families that  a re  the  
likely outgroup or s is te r  families to the  A s te ra c e a e  (Bremer, 
1987; J a n se n ,  1990; Michaels and  Palmer, 1990). By examining 
the s is ter  taxa  of the  A s te raceae ,  the  num erous  developmental  
c h a rac te r s  recorded  in the  current  s tudy can  be tentatively 
polarized by outgroup comparison  (Watrous and  Wheeler, 1981). 
Primitive on togenet ic  e v en ts  may thus  be  dist inguished from 
derived pathways,  providing a  bas is  for elucidation of the  
convoluted and  complicated sys tem at ics  of the  A s te raceae .
Traditionally, s tud ies  of inf lorescence  and /o r  flower 
initiation and  deve lopm en t  have  utilized sec t ions  exam ined  
with the  light m icroscope (Philipson, 1953; Boke, 1947).
While s tud ies  of this na ture  readily record cytological and  
cellular events ,  the  techn ique  h a s  severa l  overriding 
shortcomings, such  a s  the  excess ive  time required, the  
difficulty of extrapola t ion of th e  two-dimensional  im age  to 
the  th ree-d im ens ional  reality, a n d  the  potential for creat ing 
artifacts during processing, to n am e  but a  few. The u se  of the 
SEM eliminates t h e s e  problems in d a ta  collection, and  
su b s t i tu te s  o n e  main d r a w b a c k - t h a t  histological  
observat ions canno t  be made.  To prove the utility and 
dependabil ity of the  SEM in the  current  study, one  species ,
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Erigeron  p h i la d e lp h ic u s . w as  examined in depth, using both 
techniques ,  Ch. 3 p. 33 This portion of the  study dem o n s t ra te s  
the  reliability of the  SEM in recording developmental  events .
MATERIALS AND METHODS
Inflorescences of a bou t  200 A s te rac ea e  spe c ie s  were  
collected or otherwise acquired for the  current  s tudy. Of 
these ,  39 sp e c ie s  were  chosen  for examination.  The living 
material w a s  ob ta ined  from field collect ions,  p lants  grown 
from s e e d  in the  g ree n h o u se ,  plants collected from severa l  
botanical ga rd en s ,  or plants  p u rch a se d  a t  commercial  
nurser ies .  Severa l  workers in addition to the  au thor  collected 
or d o n a te d  material.
Inf lorescences  of all s t a g e s  were  fixed in formalin-acet ic 
acid-alcohol (FAA): 90 cc  50% ethanol: 5 formalin: 5 acetic  
acid. Voucher sp e c im en s  were  collected s imultaneously  and  
a re  depos i ted  in the  Louisiana S ta te  University Herbarium 
(LSU). The preserved  material was  d issec ted  and  examined in 
95% ethanol. Often, s o m e  of the  flowers or o ther  s truc tures  
w ere  rem oved  to facilitate examination of the  remaining 
st ructures. Spec im ens  were  then dehydra ted  in an 
a lcoho l /ace tone  se r ies ,  a nd  critical-point dried in a  Denton 
DCP-1. Spec im ens  were  mounted on SEM stubs and  coa ted  with 
gold-palladium in a  H um m er II sput ter-coater .
The p repa red  floral material w a s  s tudied with a  Hitachi S- 
500 SEM at  25 kV, and  representat ive  micrographs w ere  taken.  
For e ac h  sp ec ies  examined with the SEM, 50 to 150 
micrographs  were  taken of all the  avai lable s t a g e s  of 
deve lopm en t  of the  inflorescence and  the  flowers. Over  3,000 
micrographs were  taken in the  course  of the  study. 
R epresen ta t ive  micrographs w ere  c h o se n  for the  following
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plates  to depic t  a s  many developmental  s t a g e s  a s  possible.  
Within a  sp e c ie s ,  variation in inflorescence a nd  floral 
on togenies  be tw een  h e a d s  or individuals w a s  found to be  
minimal, excep t  for the  cultivated spec ie s ,  C a l e n d u l a  
officinalis and  X e r a n th e m u m  a n n w i m .  T h ese  spe c ie s  displayed 
so m e  plasticity in the  num ber  of flowers pe r  head ,  and  in the  
ratio of disk flowers to ray flowers. Although the  h e ad  size 
and  m akeup  varied, the  on togen ies  of the  flowers th em se lv es  
w ere  not affected, remaining c o ns is ten t  within th e  sp e c ie s .
For sectioning, FAA-preserved material w a s  d ehydra ted  in 
tertiary-butyl alcohol an d  e m b e d d e d  in "Paraplast".  Sec t ions  
were  cut  7 pm thick with a  rotary microtome, mounted  on 
slides, and  s ta ined  sequential ly with safranin a n d  alcian green ,  
modified from Joel (1983) after Rudall (pers. comm, to S. C. 
Tucker), for s tudy with the  light microscope.
The SEM micrographs in the plates  have general ly been  
posit ioned so  that  the  ap ex  of the  inflorescence is towards  the  
top. If ano th e r  orientation w as  used ,  the direction of the  apex  
is indicted with "A" and  an  arrow.
The most  common abbreviations in the  following p la tes  are:
l--involucral  b r a c t s  (brac ts)
RB or B--receptacular  b rac ts  (palea)
D--disk f lower 
R--ray  flower 
S - - s t a m e n  
G - - c a r p e l  
C--corolla  lobe 
CT—corolla  t u b e  
P - p a p p u s
0 - - r e c e p t a c u la r  ou tgrowth
RM or M-ring meristem (either corolla or p a p p u s  a s  
in d ic a te d )
7 5
A, with a rrow -- ind ica tes  direction of in f lo rescence  
apex
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Table 4.1. Species examined in the study.
Tribe: species_____________________Collector #_________ location
Subfamily Asteroideae  
Anthemideae:
A n th e m is  c o tu la  L. EMH 2 1 4  B.R., LA
Artemisia  p v c n o c e p h a la  DC. EMH 7 5 3  Rancho San ta
Ana Gdn, CA orig. CA coas t  fr. Monterey Co., CA to OR 
Astereae:
Chrvsops is  cam p o ru m  G reen e  EMH 3 8 8  Jefferson Co., TN
Erioeron  ph i lad e lp h icus  L. EMH 11 7 E.B.R. Par. LA
Calenduleae:
C a l e n d u l a  off ic inal is  L.** EMH 7 1 2  Nursery, LA
orig. Medit.
C h r v s a n t h e m o i d e s  monilifera (L.) T. Norl.
JRA s.n. Longwood Gdn, PA 
L.G.# 861287, orig. S. Africa 
O s t e o s p e r m u m  fru t icosum (L.) T. Norl.
EMH 7 5 6  Monterey Co., CA 
cultivated,  orig. S. Africa
Eupatorieae:
E u p a t o r i u m  f i s tu lo s u m  Barratt LEU 5000 Holmes Co. FLA
Liatris p v c n o s t a c h y a  Michx. EMH 3 6 7  J. Davis Par., LA
Heliantheae, s e n s u  l a t o :
C o r e o p s i s  t inc to r ia  Nutt. EMH 1 9 6  B.R., LA
P v s so d ia  tenuiloba (DC.) B. L. Robinson.
EMH 6 0 4  G m h s  
orig. from central  and  S. America 
Eclipta a lb a  (L.1 Hassk. EMH 7 1 0  B.R., LA
G ai l la rd ia  aes t ival is .  (Walter) H. Rock
EMH 3 7 3  Allen Par.,  LA 
G a l in s o g a  parviflora Cav. EMH 394 Rockbridge Co., VA
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Table 4.1. c o n tinu e d
T r ib e :  species CMeciQt £_
H v m e n o p a p p u s  artemisiaefol ius  DC.
Madia  fiLeoapa d . Don.
R u d b e c k ia  lacinia ta  L 
T i th on ia  ro tundifo l ia  Blake.
I n u l e a e :
Gnaphal ium  purpureum  L. 
P lu c h e a  foetida (L.) DC.
S e n e c i o n e a e :
C a ca l ia  p l a n ta g in e a  (Raf.) Shinners
EMH 3 2 7  Vernon Par., LA 
EMH 767 Berk. Bot. Gdn, CA 
B.B.G.# 88.0881 
EMH 3 5 2  W. Felic. Par., LA 
EMH 5 3 2  Grnhs, orig. MEX
EMH 1 2 6  LSU campus,  LA 
EMH 3 6 9  J. Davis Par., LA
G ynura  .sarmen.tQ.aa DC. 
S e n e c i o  g lab e l lu s  Poiret 
S u b f a m i l y  C i c h o r i o i d e a e  
A r c f o t e a e :
G a z a n ia  l ig a n a  Sims 
V e n id iu m  f a s t u o s u m  Stapf. '
C y n a r e a e :
C a rdu u s  nu tans  L. 
C e n ta u r e a  m a c u lo s a  L. 
Xeran them um  annum  L.
EMH 2 1 5  Tang. Par., LA 
EMH 9 3 9  MO Bot. Gdn, MO 
M.B.G.# 881946, orig. W. Indies 
EMH 1 2 3  B.R., LA
EMH 5 3 3  Grnhs, LA 
orig.S.& S.W. Africa 
EMH 6 0 6  Grnhs, LA 
orig. S.W. Africa
EMH 721  Bradley Co. TN 
EMH 395 Rockbridge Co., VA 
EMH 6 0 5  Grnhs, LA 
orig. Medit.
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Table 4.1. continued
T r ib e :_gpec j,e.s_____________________Collector #_________ location
Lactuceae (Cichoreae):
A n d r v a la  p in na t i f id a  Aiton EMH 762 Berk. Bot. Gdn, CA
B.B.G# 72.620 orig. Canary  Islands 
C ichor ium  in tybus L. AWD 1 6  Lexington, VA
Malacothr ix  saxat i l is  (Nutt.) T.& G.
E MH 766 Berk. Bot. Gdn, CA 
B.B.G.# 65 .1194 orig. from S a n ta  Cruz Island, CA 
P y r r h o p a p p u s  caro l in ianus  (Walter) DC.
EMH 2 6 9  E.B.R. Par., LA 
Tolpis b a r b a t a  (L.) Gaertn. SCT Kew Gdn, England
K.G.# 260 .70 .02589
Mutis ieae:
Acourtia runc ina ta  (D. Don) B. L. Turner
EMH living col lec t ion  
orig. Bee  Co., TX
Mutisia c o c c i n e a  EMH 1039 living col lec t ion
orig. SE  Brazil
Trixis c h i a p e n s i s  C. Anderson EMH 1032 Chiapas,  Mexico
Trixis inu la  Crantz* AWL 2399 Veracruz,  Mexico
Vernonieae:
E r la n a e a  roaersii  S. Moore EMH 763 Berk. Bot. Gdn, CA
B.B.G.# 2.1072-S2, orig. S. Africa 
V e r n o n ia  baldwinii  Torr. LEU 4046 Franklin Co. MO
Outgroup taxa:
Calyceraceae:
C a lv c e ra  h e r b a c e a  Cav.*** MLD 1206 Laguna d e  Manle,
Chile
Calvcera  l eu c an th em a  (Poepp. ex Less.) O. Ktze.
MLD 1143 Talca,  Chile
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Table 4.1. continued
T r i b e :  species_____________________Collector #_________ location
L o b e l i a c e a e
Lobelia  tu p a  L. EMH 764 Berk. Bot. Gdn, CA
B.B.G.# 83.356, orig. Chile
G o o d e n i a c e a e
S c a e v o la  c a l e n d u la c e a  (Andr.) Druce
SCT 28892 Davis, CA 
cultivated, orig. Australia
* = missing o n e  intermediate  s tage .
** = a  cultivar d e e m e d  too variable  for cons is ten t  
in f lo rescence  ontogeny,  but  with useful floral d eve lop m en t  
s t a g e s .
*** = missing severa l  important  s ta g e s .
C o l l e c t o r s :
Elizabeth M. Harris, Shirley C. Tucker, Andrew W. Douglas, Alan 
W. Lievens, J a m e s  R. Ault, Lowell E. Urbatsch, Melanie L. 
DeVore.
Botanical Gardens:
Longwood Gardens ,  Kennett  Square ,  PA 
Missouri Botanical Garden,  St. Louis, MO 
U. C. Berkeley Botanical Gardens ,  Berkeley, CA 
Royal Botanical G a rd e n s  a t  Kew, Surrey, Grea t  Britain 
Rancho S a n ta  Ana Botanical G ardens ,  Claremont,  CA
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Tribe: Anthem ideae
The Anthem ideae  w e re  traditionally divided into two 
subtr ibes  (Lessing, 1836) b a se d  on the p re s e n c e  of 
receptacular  bracts. This w as  recognized a s  a  poor charac te r  
for tribal subdivision (Bentham, 1873a).  Currently, the  
subtribal delimitations of the  A nthem ideae  a r e  in flux, pending 
a  better  understanding of the  g e n e ra  in the  tribe (Heywood and  
Humphries, 1977). S e v e n  provisional g roups  were  es tab l ished  
by Reitbrecht  (1974). Of those  groups,  A n th e m is  c o t u l a . of the  
,,Ma t r.i,C.aria-gruppe,,) a n d  Ar tem is ia  p y c n o c e o h a l a . of the  
"A r tem is ia -gruppe". w e re  exam ined .
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A n th em is  c o tu la  L.
"Dogfennel", collected from a  dis turbed site on the  Mississippi 
River levee, in Baton Rouge, Louisiana.
Organogenesis  sequence:  Disk: Co, S, G Ray: Co, (S)/G
Scale :  Bars in Figures 1-4, 7-10, 12, a n d  13-16 = 50 |im 
Bars in Figures 5, 6, 11, and  17 = 500 pm
Dogfennel is a  stout, taprooted herb that  grows in w as te  
places.  The plant has  num erous  b ranches  with terminal heads .  
Numerous h e a d s  may be  flowering concurrently on a  vigorous 
individual. There  a re  about  80-100 yellow disk flowers and 16 
white ray flowers per  head .
I n f l o r e s c e n c e - T h e  inf lorescence  meris tem is a lm ost  
spherical (Fig. 1) a s  floral initiation begins .  The disk flower 
primordia a re  the  first to a r ise  (Fig. 1, a r ro w h ead s  labelled D) 
acropetally in parastichies . At the  b a s e  of e ac h  parastichy,  a  
roughly triangular a r e a  rem ains  uncommitted (Fig. 1, 
a r row head s  labelled R). The ray flower primordia a re  initiated 
(Fig. 2, a r ro w h eads  labelled R) after severa l  s e r ie s  disk flower 
primordia have  initiated a n d  enlarged (D in Fig. 2). As floral 
initiation p ro g re s se s  on the  head ,  o rg ano g en es is  beg ins  in the  
lowermost disk flower primordia (D in Fig. 3), while the  rays
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are  s u p p re s s e d  in development  (Figs. 3 and  4, a r row heads  
labelled R). Not until a lmost  all of the  disk flowers on the  
h ead  have  undergone  o rganogenes is  (Fig. 5) do the  ray flowers 
begin to differentiate (Fig. 5, a r row heads  labelled R). In later 
s t a g e s  of development ,  the  ray flowers e longa te  (Fig. 6, 
a r row head s  labelled R). The lowermost disk flowers also 
e longate  occasionally (Fig. 6, a r row heads  labelled D), and 
b e co m e  incurved like the  rays.
Disk f l o w e r - T h e  disk flower primordia a re  initiated a s  
rounded pro tuberances  (P, upper  part  of Fig. 7). The  outermost  
disk flowers a re  su b ten ded  by receptacular  bracts;  both a re  
initiated toge ther  a s  a  common primordium (not shown). As 
the  disk flower primordia en large  into the  plug s ta g e  (P in Fig. 
7), the  receptacular  bract  is obscured  (but shown in Fig. 8, B). 
The corolla ring meristem a p p e a rs  soon (M in Fig. 7), giving 
rise s imultaneously  to five corolla lobe primordia in short  
order  (C in Fig. 8). Five s tam en  primordia a re  then initiated 
more or les s  s imultaneously  on the c on cav e  s ide s  of the  floral 
apex  (S in Fig. 9). Two carpel primordia a re  initiated next (G in 
Fig. 10) on the radial plane of the  head  after the corolla lobes 
have  a rch ed  inward. As the  corolla tube  e longates ,  num erous  
multicellular glandular  t r ichomes develop  (Figs. 11 and  12, 
a r row heads  labelled T). No p appus  w a s  s e e n  in this species .
R a v  f l o w e r - T h e  ray flower primordia a re  initiated a t  the  
b a s e  of e ac h  disk flower parastichy (Fig. 13, a t  a r row heads  
labelled R); t h e s e  ray primordia a re  smaller  in d iam ete r  than 
similarly a g e d  disk flower primordia. As the  disk flowers 
p ro g re s s  through o rg an og en es is ,  the  ray flower primordia 
slowly enlarge to the plug s tag e  (P in Fig. 14) and  then  develop 
an irregular ring meristem (M in Fig. 15). The lateral and
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9. Anthemis cotula
abaxial  port ions of the  corolla en la rge  equilaterally (Fig. 16), 
and  the  adaxial portion is su p p re ssed .  Simultaneously, two 
carpel and  two s tam en  primordia a re  initiated (G and  S in Fig. 
16), but a re  soon aborted to produce a  neuter  flower at 
maturity. By an thes is  (Fig. 17) a  short  corolla tube  h a s  been  
produced by zonal growth (CT). The mature  ray flower lacks 
apical teeth  on the  ligule, a n d  lacks any manifestat ion of a  
pappus.
Anthemis cotula
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Artemisia  p v c n o c e p h a la  DC.
"Wormwood", obtained from the collection of the  Rancho S a n ta  
Ana Botanical G a rdens  in Claremont, California. The spe c ie s  is 
a  coasta l  one,  ranging from Monterey County, California, to 
Oregon.
Organogenesis  sequence:  Disk: Co, S, G Ray: Co, (S)/G
Scale :  Bars in Figures 1-4, 7-11, 12, and  13-18 = 50 jim 
Bars in Figures 5, 6, 12, 19, and 20 = 500 pm
Wormwood is low trailing perennial with h e a d s  a r ranged  in 
terminal r ac em o se  synflorescences .  There  a re  about  15 disk 
flowers and  8 small ray flowers per  head.
I n f l o r e s c e n c e - T h e  inflorescence meris tem h a s  a  
hemispherical  d om e  s h a p e  (Fig. 1) prior to floral initiation.
Disk flowers a re  the  first to initiate (D in Fig. 2) a s  low 
m ounds  around the b ase .  The ray flower primordia occupy the 
remaining uncommitted a r e a s  a round the  b a s e  of the  
inflorescence meristem (R in Figs. 2 and  3) and  a re  slightly 
irregular in outline (R in Fig. 3). O rganogenes is  begins with 
the disk flowers and p roceeds  acropetally on the head  (D in Fig.
4). The ray flower primordia lag behind the  disk flowers in 
s tage  of development  (R in Fig. 4); only catching up in size
11. Artemisia pycnocephala
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during the  later s t a g e s  of development  (Figs. 5 and  6 
a r row heads  labelled R). Ju s t  prior to an th es is  (Fig. 6) the  
recep tac le  still re ta ins  th e  original hem ispher ic  s h a p e .
D isk  f l o w e r -A f te r  their initiation (D in Fig. 2), th e  disk 
flower primordia soon  en la rge  to rounded p ro tu b e ran ces  (Fig.
7) and  then the plug s t a g e  (P in Fig. 8). A corolla ring 
meristem d eve lops  apically a lm ost  immediately (M in Fig. 8) a s  
the  first sign of o rgan o g e n es i s .  Five corolla lobe primordia 
differentiate  from the  corolla  ring m er is tem  s im ultaneous ly  
(C in Fig. 9). S ta m e n s  a re  the  next to arise, also 
simultaneously;  and  a re  located on the  interior of the  co n ca v e  
floral apex ,  a l te rna te  with the  corolla lobes  (Fig. 9, 
arrowhead). The corolla lobes expand and  arch inward to cover 
the  interior of the  flower (Fig. 11), after  which, the  two carpel  
primordia a re  initiated (G in Fig. 10, s a m e  flower a s  in Fig.
11). Ju s t  before an th es is  (Fig. 12), the  s t a m e n s  have  fully 
differentiated (S). The a c h e n e  is a lmost  obso le te  (arrowhead 
labelled A), and  the  s t igma (St) is not functional, a s  s e e n  by 
the  p r e s e n c e  of a  t runca te  tip rather  than two st igmatic  
b ranches .  The disk flowers a re  thus  male in function.
R a v  f l o w e r - T h e  initially irregular ray flower primordium (R 
in Fig. 13) soon en la rges  to a  plug s tage  (R in Fig. 3). The  first 
organ to ar ise  is the  corolla ring meristem (M in Fig. 14). By 
zonal  growth, the  corolla e longa tes  evenly (Figs. 15 a nd  16, 
a rrow heads)  for a  time. After a  certain length is achieved,  
th ree  corolla lobes differentiate  a t  the  tip of the  corolla tube  
(Figs. 17 and  18, a r row heads  labelled C) and  the num erous  
glandular  t r ichom es  begin  to differentiate (Figs. 17-19, 
a r row heads  labelled T). At abou t  this time, the  two carpel  
primordia a re  initiated (not shown).  The  corolla tu be  
continues  to e longa te  (CT in Fig. 19) an d  is essentia lly  tubular
12. Artemisia pycnocephala
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13. Artemisia pycnocephala
at  an thes is  (Fig. 20). The two stigmatic b ran c h es  protrude 
from the corolla tube  (Fig. 20, a r row heads  labelled St).
Tribe: A s te rea e
While the  A s te reae  comprise  a  natural grouping, subtribal 
delimitations a re  o bsc u re  d u e  to many overlapping charac te r  
s t a te s  and  a  continuum of transitional g e n e ra  be tw een  
currently recognized subtribal groupings. Six sub tr ibes  have  
b een  recognized historically (Bentham, 1873; Hoffmann, 1894), 
but the  dear th  of cons is ten t ,  st rong c h a ra c te r s  distributed 
meaningfully throughout the  A s te reae  led Grau (1977) to avoid 
updating and  legitimizing any subtribal groupings in the  
Astereae.  Lane (pers. comm.) recognizes  two main lines in the 
Astereae:  those  taxa  with c h ro m o so m e  num bers  that  a re  
generally x=9, and  th o se  g e n e r a  with with ch rom osom e  
numbers  generally fewer than x=9. I have se lec ted  E r igeron  
p h i la d e lp h icu s  to represent  the  x=9 line. E r iae ron  is also one  
of the  few more or less  cosmopolitan g e n e ra  in the  tribe. A 
detailed account  of the  ontogeny of Erig e ro n  p h i la d e lp h ic u s  is 
found in Chapter  3, p. 33 In this study, C h r y s o p s i s  c a m p o r u m  
rep re sen ts  the  line of lower ch ro m o so m e  num bers ,  general ly  
fewer than x=9.
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Chrvsops is  c am porum  G reene
"Golden aster" collected from a  disturbed roads ide  site in 
Je fferson County, T e n n e s s e e .
Organogenesis  sequence:  Disk: Co, P, S, G Ray: Co, P, S, G
Sca le :  Bars in Figures 1 and  7-20 = 50 pm 
Bars in Figures 2-6 and  21 = 500 pm
The num erous  h e ad s  in this perrenial sp e c ie s  a re  terminal on 
the  many b ranches  and form a  more or less  corymbiform 
synflorescence.  All h e a d s  on the plant a re  roughly of the  s a m e  
size. Disk flowers usually number  about  140 a n d  there  a re  21- 
34 rays in a  single series.
I n f l o r e s c e n c e - T h e  in f lo rescence  apical  m er is tem  is first 
d is t inguishable  in this s p e c i e s  w hen  the  phyllotactic fraction 
in c re a s e s  during the  transition from leaf to initiation of 
involucral bracts  (I in Fig. 1). As the  fraction continues  to 
increase ,  the  inflorescence apex  b ro ad e n s  a n d  beg ins  to flatten 
(Fig. 2). The first disk flower primordia a re  s e e n  (ar row heads  
in Figure 2) just  beginning to protrude at  the  periphery of the 
o therwise  uncommitted apex .  Disk flower primordia 
(a r row heads  labelled D, Fig. 3) initiate acropetally on the  
inf lorescence  a p ex  while the  ray flower primordia (a r row heads
14. C hrysopsis camporum
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labelled R) lag behind in size and shape .  O rganogenes is  begins 
with the  ou term ost  disk flowers and  p ro ce ed s  acropetally over  
the  inflorescence,  while the  ray flower primordia (Fig. 4, 
a rrow heads)  a re  s u p p re s s e d  a t  an early developmental  s tage.  
The ray flowers eventually begin to catch up (Fig. 5), after 
o rg an o g e n es i s  on the entire capitulum h as  been  completed,  and  
g enera l  growth and  differentiation of the  flowers h as  begun.
At this s tage ,  so m e  outgrowths of the  recep tac le  b e co m e  
evident,  sca t te red  randomly be tween  disk flowers (Fig. 5, 
a r row heads) .  T h ese  enation-like outgrowths a r ise  from the  
su r face  of the  recep tac le  in the  inters t ices be tw een  flowers 
and  do  not  directly sub tend  the  c loses t  flower in a  strict 1:1 
relationship. During late development ,  the  outgrowths 
e longa te  (Figs. 6, 12, a rrowheads)  to form narrow pales.  By 
this time, the  receptacle  has  en larged  and  b e c o m e  essentia lly 
flat, a n d  will remain so through anthesis .
Disk f lo w e r -D e v e lo p m e n t  of the disk flowers in C h r v s o p s i s  
c a m p o r u m  takes  place much like that in Erig e ro n  
p h i l a d e l p h i c u s  , p. 33. Disk flower primordia a re  initiated a s  
rounded  protrusions (D in Fig. 7) which soon enlarge  into the 
plug s t a g e  (Fig. 8, right) and  develop a  ring meristem apically 
(Fig. 8, left). The five corolla lobe primordia b e co m e  evident 
next (C in Fig. 9), arising simultaneously from the  ring 
meristem. Unlike E r ig e r o n . the  pappus  ring meristem is the  
next to initiate (Fig. 9, a rrow head  labelled P a t  upper  right 
flower), shortly before the  s ta m e n s .  Alternate with the  
enlarging corolla lobe primordia, the  s t a m e n s  a re  initiated 
next, appear ing  s imultaneously  (Fig. 10, a r ro w h ea d s  labelled
S). The individual p ap p u s  m em bers  begin to differentiate a t  
this time a s  bulges along the pappus  ring meristem (Fig. 10. 
a r row head s  labelled P). In Figure 11, the  two carpels  (G) have  
initiated. (The corolla and  three  s tam en  primordia have  been  
removed.) Note the enlarged pappus  primordia. During the
ujnjodaiBO sisdosA jijo  si-
99
middle s t a g e s  of development ,  the  style e lon g a te s  (flower on 
left in Fig. 12) and  the corolla tube  is formed by zonal growth 
(CT in Figs. 11, 12). The sequential  order  of development  
am ong disk flowers is evident on the capitulum at  e ac h  s ta g e  
of developm ent  (Figs. 3-5).
R a y  f lo w e r --Qnly o n e  se r ies  of ray flowers is formed in 
C h r v s o p s i s  c a m p o r u m . The initial triangular s h a p e  of the 
primordium (Fig. 13, a r row heads)  is quite  different from that  
of the  round disk primordia, and  different from the  round ray 
flower primordia of E r ige ron  p h i l a d e l p h i c u s . The triangular 
s h a p e  of the  ray flower primordium is reta ined until 
o rg a n o g e n es i s  is a lm ost  complete  (Figs. 13-17) but in o ther  
re sp ec t s  re s e m b le s  the  disk flower developmenta l  s e q u e n c e  
fairly closely. Figure 14 show s  the triangular plug s ta g e  
(arrowheads) .  An irregular corolla ring meris tem forms after 
so m e  elongation of the primordium, and can be  s e e n  in Figures 
15 and 16. The pappus  ring meristem a p p e a rs  next (Fig. 17, 
a rrowheads) .  Four s t a m e n s  a re  initiated in e a c h  ray flower 
(Fig. 18, a r row heads  labelled S), which is not the  c a s e  with £ .  
p h i l a d e lp h i c u s . The s t a m e n s  a re  evident during early s t a g e s  of 
deve lopm en t  (Figs. 18-20, a r row heads  labelled S), but a re  
aborted and  resorbed  (not shown) by mid-development (Fig. 21) 
and  a b se n t  a t  anthesis . The individual pappus  m em bers  becom e  
evident (Fig. 18, a r row heads  labelled P). At the  s a m e  time, the  
abaxial a n d  lateral portion of the  corolla ring meris tem beg ins  
to en la rge  (Figs. 18-20), while the  adaxial portion of the  
corolla remains un changed  in size (Figs. 19, 20, a r row heads  
labelled B). As the  abaxial and  lateral portions of the  corolla 
continue to e longa te  to form the ray flower ligule, the  lack of 
growth on the  adaxial s ide  effectively p ro du ces  the  slit in the  
corolla tube  (Fig. 21, a r row heads)  along which the ligule will 
unroll a t  an thes is .
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16. C hrysopsis camporum
Tribe: C a lendu leae
The main cen te r  of distribution for the  C a lendu leae  is South 
Africa, with a  se co n d a ry  cen te r  in the  Mediterranean (Norlindh, 
1977b, and  re fe rences  therein). Norlindh recognizes  seven  
g e n e r a  for the  small tribe. While he  h a s  resurrec ted  several  
g e n e r a  su b m e rg e d  by o ther  workers, no formal subtribal 
affiliations have  been  m ade .  For this reason,  I s tudied sp e c ie s  
from both cen te r s  of distribution. O s t e o s p e r m u m  f r u t i c o s u m . 
the  largest  g e n u s  of the  tribe, w as  ch o sen  from the South 
African cen te r  of distribution. C h r v s a n t h e m o i d e s  m o n i l i f e r a . 
also of South Africa, w a s  also examined. C a le n d u la  
o f f ic in a l i s , with a  mainly Medi te rranean distribution, w as  
included in the  current  study, although a s  a  cultivar, it is 
highly variable in head  s ize  and flower number. Rarely is a  
p a p p u s  initiated in this tribe, which holds true for the  sp e c ie s  
examined here.
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C a l e n d u l a  officinalis L.
"Pot marigold" or "Calendula", material collected from 
commercial ly  obtained  plants.  Originally from the  
M edi te r ranean .
Organogenesis  sequence:  disk: Co, S, G ray: Co, G
Sca le :  Bars in Figures 1-5, and  8-13 = 50 pm
Bars in Figures 6, 7, 14, and  15 = 500 pm
The cultivar of C a l e n d u l a  officinalis obtained  for the  study is 
a  low, som ew hat  b ranched  annual herb. At any  o ne  time, five 
to ten h e a d s  a re  p resen t  on a  plant, solitary a t  the  termini of 
the  b ranches ,  with more  h e a d s  constant ly  differentiating once  
flowering has  begun. The size of the  heads ,  overall number  of 
flowers, and  ratio of rays to disks w as  found to b e  extremely 
variable from head  to head  of the  s a m e  plant.
I n f l o r e s c e n c e - The flowers a re  initiated in acropeta l  
s e q u e n c e  (Figs. 1, 6, 7 and  8), with the  peripheral  ray flower 
primordia being the first (Fig. 8). The ray flowers a re  aligned 
in orderly parast ichies  (Figs. 7, 14, 15), with a  variable 
number  of ray primordia ranging from three in a  se r ies  or 
vertical row (Figs. 6) to seven  (Fig. 15, arrow). At so m e  point 
during floral initiation, the re  is a  transit ion to disk flower
17. Calendula officinalis
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primordia (D in Fig. 1) with no intermediate forms. The disk 
flower primordia a re  en la rge  quickly and  outstr ip th e  older  ray 
flower primordia in size (Fig. 6). Occasionally,  s o m e  ray 
flowers a re  initiated abov e  or am ong  the d isks  after the  
transition to disk flowers is m a d e  (Fig. 14, a r ro w h ea d s  
labelled R). This phenomenon is a  common one  noted for 
cultivated A s te rac ea e  sp e c ie s  such  a s  H e l ia n th u s  (Fick, 1976) 
and  C h r y sa n th e m u m  (Bush et  al., 1976). O rganogenes is  occurs  
first in the  lowermost disk flower primordia (D in Figs. 2, 9) 
and  then p roceeds  acropetally on the  h ead  in the  remaining disk 
flower primordia. O rg an o genes is  s e e m s  to p roceed  rather 
slowly com pared  to other  A s te raceae ,  in that  o n e  horizontal 
s e r ie s  of disk flowers p ro g res s  p a s t  th e  s t a m e n  initiation 
s t a g e  before the  next higher se r ies  of disk flowers begins 
o rganogenes is .  The s e q u e n c e  of o rganogenes is  and  
deve lop m en t  for the  ray flowers is more  difficult to 
determine,  but is general ly not acropetal  (Fig. 10). It a p p e a rs  
to be  so m e w h a t  synchronized (Figs. 6, 7, 10, 11) with slightly 
larger and  more a d v an c ed  flowers a t  mid-level in the  se r ie s  of 
rays (Figs. 10, 11, arrowheads) .
Disk  f l o w e r —Disk flower primordia a re  initiated a s  low 
mounds (D in Figs. 1, 6) that  rapidly broaden an d  undergo 
o rgano g en es is  (Fig. 2). The corolla lobes a p p e a r  first, in rapid 
success io n  (Fig. 2, num bered  primordia) in a  non helical, 
irregular order. Rapidly thereafter,  the  s t a m e n s  (S in Fig. 2) 
a re  initiated in the  s a m e  fashion. By the  time the  corolla 
lobes have  ex pan d e d  and  covered  the interior of the  flower, the  
s tam en  primordia have beco m e  equalized (Fig. 3). Som ew ha t  
later, the  two carpels  have  formed and  begun  to e longate  
apically (G in Fig. 4), retaining the  original cleft which 
se p a ra ted  them a s  initials (Fig. 4, arrowheads) .  No p a p p u s  is 
initiated in this sp e c ie s .
Calendula officinalis
R a v  f lo w er- -Ray flower primordia a re  initiated in an 
acropeta l order (R in Fig. 8), mostly a s  low, rounded m ounds 
with so m e  of low erm ost primordia so m e w h a t  d is to rted  in 
sh a p e .  The two lateral corolla lobe primordia a re  initiated 
first (Fig. 9, adaxial view, a rrow heads) , rapidly followed by 
the  abaxial and  adaxial corolla lobe primordia (Figs. 10, 11, 
nu m bered  primordia). After its initiation, the  adaxial corolla  
lobe primordium is immediately s u p p re s s e d  (Fig. 13, 
a rro w h ead s) ,  so  tha t th e  elongating corolla is essen tia lly  
trim erous (Figs. 14, 15), and  th ree -too thed  a t  a n th e s is  (not 
shown). S tam en primordia w ere  not s e e n  in any of the  ray 
flowers exam ined . Last to initiate a re  the  two radially 
oriented carpels  (Figs. 12 and  13, a rrow heads labelled G).
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C h r v s a n th e m o id e s  m onilifera  (L.) T. Norl.
"C hrysan them oides" , m aterial ob ta ined  from th e  collection of 
Longwood G a rd en s  in Kennett Square , PA. Originally from 
S ou th  Africa.
O rganogenesis  sequence: disk: Co, S, G ray: Co, S, G
Sca le : Bars in Figures 1, 2, 7-11, and  13-17 = 50 pm 
Bars in Figures 3-6, 12, 18, and 19 = 500 pm
This woody perennial often a tta ins the  height of th ree  to four 
m eters  and  is in the  form of either a  profusely b ranch ed  small 
tree  or a  large sprawling shrub. H eads a re  terminally located 
in a  corymb-like a rrangem en t. Ninety to 120 yellow disk 
flowers and  a  single se r ie s  of 10-16 white ray flowers a re  
p resen t on each  head . In this spec ies , the  disk flowers a re  
functionally male. While carpels  and  sty les a re  p roduced  by 
the  disk flowers, the  ovaries do not develop. The ray flowers 
a re  fertile, and  p roduce  fruits in the  form of fleshy d rupes ; 
this fruit type is quite unusual for this family.
ln f lo r e s c e n c e --The b a re  inflorescence m eristem  h a s  a  
hem ispherical s h a p e  (Fig. 1), re ta ined  until m id-developm ent 
(Fig. 5). Disk flower primordia (D in Fig. 2) initiate acropetally  
a s  rounded p ro tuberances . After a  time lag, the  single se r ies
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19. Chrysanthemoides monilifera
109
of ray flower primordia is initiated basally; they  a re  
som ew hat c o m p re sse d  or distorted in outline (D, R in Fig. 2). 
O rgan ogenes is  on the  h e ad  begins with the ou term ost disk 
flower primordia (Fig. 3) before all disk flower primordia have  
initiated. The first o rg an s  a re  the  corolla lobes which quickly 
expand  (Fig. 3, a rrow heads)  and  overlap o ther primordia that 
a re  le ss  developed . O rg ano genes is  in a  flower primordium 
p ro ce ed s  to the  s ta g e  of s tam en  initiation (Fig. 4. arrow head) 
before the  ad jacen t  but higher disk flowers show  any ev idence  
of o rg an o g en es is .  After two or th ree  se r ie s  of disk flowers 
have  differentiated, the  ray flowers undergo  o rg an o g en es is  a s  
well (Fig. 4, a rrow heads  labelled R). Floral initiation on the 
inflorescence m eristem  h a s  been  com pleted  at this s ta g e  (Fig. 
4). As o rganog en es is  and  su b seq u e n t  developm ent is com pleted 
for all flowers on the head , (Fig. 5) the  recep tac le  b roadens  
and  flattens. Ray flowers a re  still sm aller than the  
neighboring disk flowers (D in Fig. 5, a rrow heads labelled R). 
Mid-way through developm ent, the  rays have caugh t up to the 
disk flowers in size (D, R in Fig. 6).
D isk f lo w e r- T h e  primordia of the  disk flowers a r ise  on the 
su rface  of the  in florescence m eristem  a s  rounded 
p ro tu b e ran ces  without any  sub tending  recep tacu la r  b rac ts  (Fig.
7). The corolla lobes form in quick su ccess io non  each  flower 
(Fig. 8, a rrow heads)  so m ew hat limited by the  available sp a ce .  
Initiation is p resu m ed  to be  sequentia l rather than  
sim u ltaneous , a s  corolla  lobes a re  initially of slightly 
different s izes  (Figs. 8, 9). S ta m e n s  a re  initiated next, in a  
rapid se q u e n c e  (Fig. 9, arrow heads). Last to initiate a re  the  
two carpe ls  s e e n  in the  d issec ted  flower in Figure 10 
(arrow heads labelled G). The carpe ls  e longa te  apically (Fig.
11, flower on left, a rrow head). Ju s t  before a n th es is  (Fig. 12), 
th e  a c h e n e  is relatively undeveloped  (lower left).
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20. Chrysanthemoides monilifera
R a v  f lo w e r --Rav flower primordia a re  initiated (Fig. 13, 
a rrow heads)  from triangular reg ions around  the  b a s e  of the 
in flo rescence  m eris tem  in a r e a s  delimited by th e  initiation of 
the  disk flower primordia. The primordia en la rge  into a  plug 
s ta g e  (Fig. 14, a rrow heads) , a n d  still show  a  triangular or 
trapezo idal outline. As the  disk flower primordia begin 
o rg an o g e n es is ,  the  ray flower primordia a re  so m ew hat 
o b scu red  by the corollas of the  more a d v an ced  disk flowers 
(Fig. 3). The corolla lobes of the  ray flowers a re  initiated (Fig.
15) folllowing a  roughly p e n ta m e ro u s  pattern  a lthough lobes 
m ay be  unequal (Fig. 15). S tam en  primordia a re  initiated and  
a re  evident on the  co n cav e  s id e s  of the  floral m eristem  (Fig.
15, arrow heads). Four or five s tam en  primordia a re  p roduced 
in s e q u e n c e  a lterna te  with th e  corolla lobe primordia. T h e se  
b eco m e  stam inodia. Two c arp e ls  a re  initiated in a  radial row
(G in Fig. 11) a s  the two lateral and  abaxial corolla lobes
e longa te  zonally (Fig. 16, flower s a m e  a g e  a s  lower right in
Fig. 11). The s tam inodia  remain evident (Figs. 11, 17,
a rro w h eads  labelled S) until an th es is  (Fig. 19). The a ch e n e  
begins to en la rge  a t the  s ta g e  of carpel initiation (Fig. 16) and  
con tinu es  to en la rge  a s  the  two stigmatic b ra n c h e s  e longa te  
(Fig. 17, s a m e  a g e  flow ersas in Fig. 18). In Figure 19, at 
an thes is ,  the  paired stigm atic  lines on the  outer e d g e s  of the  
b ran ch es  can  be  s e e n  (arrow heads).
Chrysanthem oides monilifera
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O s te o s p e r m u m  fru.tic.osum (L.) T. Norl.
"O steosperm um ", m aterial co llec ted  from cultivated  sp e c im e n s  
in Monterey County, CA. Originally from South Africa.
O rganogenesis  sequence: disk: Co, S, G ray: Co, S, G
Sca le : Bars in Figures 1-3, 7-11, and  13-20 = 50 pm  
Bars in Figures 4-6, 12, 18, and 21 = 500 pm
This sp e c ie s  sprawls to produce a  ground cover with 
interesting foliage an d  a ttractive  purple a n d  white 
inflorescences. H eads a re  borne singly on axillary sc ap e s .  
About 100 disk flowers and  a  single se r ies  of 18-28 ray 
flowers a re  p resen t on each  head . At an thesis , the disk 
flowers a re  purple with bright o ran ge  s ta m e n s  and  stigm as, 
and the  ray corollas a re  whitish with purple veins above  and 
solid purple below.
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  of Q .. f ru t ic o su m  
is initially hem ispheric  (Fig. 1) a s  it d ifferentiates from a  
vegetative  s ta te . By the  time flower primordia ap p ea r,  the  
inflorescence  a tta ins  the  conical s h a p e  typical of the  tribe 
(Fig. 2). Disk flower primordia a re  first initiated a t the  b a s e  
of the  inflorescence meristem  (D in Fig. 2). S u b seq u e n t  disk 
primordia a re  intiated acropetally  and  a p p e a r  to be a rranged  in 
pa ras tich ies  (Fig. 2, arrows). Ray flower primordia a re
22. O steosperm um  fruticosum
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so m ew hat de layed  in their initation (R in Fig. 2) until two or 
so  disk flower primordia a re  already ap p aren t  above. The ray 
flower primordia a re  located  a t  the b a s e  of e a c h  parastichy  
form ed by the  disk flower primordia. The lowerm ost disk 
flower primordia a re  the  first to begin o rg a n o g e n e s is  (Fig. 3), 
which then  p ro ce ed s  acropetally on the  head . The ray flower 
primordia lag behind the  disks only briefly before they  (the 
rays) also  start o rg an o g en es is  (Figs. 3, 4). As o rg an ogenes is  
p ro ceed s  on the  head , the  o ldest disk flowers p ro g ress  to 
s tam en  and  carpel initiation before o rg an o g e n es is  h a s  even 
begun  in the  y o u n g es t  disk flower primordia located apically 
(Fig. 4). The disk flowers becom e more equalized in size and 
developm ental s ta g e  (Figs. 5, 6). The conical sh a p e  of the 
recep tac le  is re ta ined  through late developm ent (Fig. 6) when 
the  flower a re  undergoing final corolla expansion  prior to 
a n th e s i s .
Disk f lo w er-D is k  flower primordia a r ise  a s  low m ounds (Fig. 
2) and then expand  rapidly into the  plug s ta g e  (Fig. 7). The 
corolla lobe primordia a r ise  quickly but sequentially , with the  
abaxial lobe usually appearing  first (Fig. 8, num bered  "1"). The 
lateral lobe primordia a re  the  next to a rise  in a  sequentia l 
fashion ("2" and  "3"), with the  two abaxial lobe primordia 
appearing  last ("4" and  "5"). Soon after the  corolla lobes have 
begun to expand  and  arch inward (Fig. 9), the  s tam en  primordia 
a re  initiated (Fig. 8, flower of the s a m e  a g e  a s  in Fig. 9, 
a rro w h ead s) ,  a lso  sequentially , an d  a lte rn a te  with the  corolla 
lobes. Although an  encircling ridge b e co m es  evident (Fig. 10, 
arrow heads) girdling the  disk flower midway, a  p a p p u s  is not 
produced (Fig. 12). The ridge is thus interpreted a s  the  upper 
"shoulder" of the  a c h e n e  that is delimited w hen the  corolla 
tube  s ta rts  to e longa te  by zonal growth (Fig. 10, a rrow heads  
labelled CT). At the  s a m e  time, two carpel primordia a re  
initiated (Fig. 11, d issec ted  flower the  s a m e  a g e  a s  in Fig. 10,
23. O steosperm um  fruticosum
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carpe ls  a t  a rrow heads labelled G). By mid-development, the  
corolla lobes and  tube have  e longated  (C, CT in Fig. 12) and 
trichom es have  differentiated on the  b a s e  of the  corolla tube.
R ay  f lo w e r - T h e  primordia of the  ray flowers (Fig. 13, 
a rrow heads)  begin a s  ra ther irregularly sh a p e d  m ounds a t  the 
b a s e  of eac h  parastichy of disk flowers. They expand  into the  
plug s ta g e  (Fig. 14, arrow heads), and  begin o rg an o g en es is  only 
shortly after neighboring disk flower primordia (com pare  D, R 
in Fig. 15). The lateral corolla lobe primordia a re  the  first to 
a p p e a r  (Fig. 15) followed by the abaxial and  adaxial lobes (Fig.
16). The adaxial lobe is immediately su p p re sse d  (Figs. 18, 19, 
a rrow heads) , so  that the  zonal growth of the  th ree  remaining 
lobes form the  ligule of the  ray flower (Fig. 21, 3 apical lobes 
still a p p a ren t ,  a rrow heads). Four s ta m e n  primordia a re  
initiated (S in Fig. 17). In Figure 17, two of the four s tam en  
primordia on the  left have been  d issec ted  away. Almost 
im m ediate ly  the rea f te r ,  th e  two carpe l primordia a re  initiated 
(Fig. 17, a rro w h ead s  labelled G) a s  e longa ted  swellings 
s e p a ra te d  by a  groove. The s tam en  primordia en large  
so m ew hat (Figs. 19, 20, a rrow heads labelled S), but a re  soon 
s u p p re s s e d  and  the  elongating style overtakes  them  in size 
(Fig. 20, a rro w h ead s  labelled G). D issec ted  m ature  ray flowers 
(not show n) often show  small relictual s tam inod ia  in the  
corolla tube. By late developm ent, there  a re  num erous 
trichom es on the  b a s e  of the  corolla tube  (Fig. 21, a rro w h eads 
labelled T) which should  not be  co n fused  with a  bristle-like 
pappus.
24 . O steosperm um  fruticosum
Tribe: E upato rieae
In the  m ost recen t trea tm en t of the  Eupatorieae, King and 
R obinson (1987) divided the  tribe into 18 subtribes , severa l of 
which contain relatively few g e n era .  I c h o se  to exam ine 
E u p a to r iu m  f is tu lo su m  of the  subtribe Eupatoriinae, and  
Liatris p y c n o s t a c h y a  of the  subtribe Liatrinae.
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E u p a to r iu m  f is tu lo s u m  Barratt
"Joe-Pye  weed", collected roadside in Holmes County, Florida.
O rganogenesis  sequence: Co, P, S, G
S ca le :  Bars in Figures 1-5, and  7-12 = 50 pm 
Bar in Figure 6 = 500 pm
Jo e -P y e  w eed  is a  robust pernenial herb with a  rarely 
b ranched  main axis. The h ead s  a re  terminal a re  a rranged  in 
paniculiform sy n f lo rescen ces  which a re  terminal on the  main 
axis. The h e a d s  a re  discoid, with 5-10 flowers each .
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  is a  low-domed 
hem isp here  (Fig. 1). Flower initiation is quickly com pleted  (F 
in Fig. 2) a s  relatively few flower primordia a re  p roduced  on 
the  recep tac le  in this sp ec ie s .  After the  flowers have 
initiated and  en la rged  (Fig. 3), occasional recep tacu la r  b rac ts  
initiate, usually in a  sub tend ing  position to individual flowers 
(Fig. 3, a rrow heads labelled B). O rgan ogenes is  beg ins with the 
o u term ost flowers (Fig. 4, arrow heads), and  p ro ce ed s  
centripetally (Fig. 5). Prior to an th es is  (Fig. 6), all the 
flowers a re  essentia lly  equalized  in s ta g e  and  size.
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25. Eupatorium fistulosum
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F lo w e r --The floral primordia a re  initiated a s  low m ounds 
(Fig. 2), and  rapidly enlarge  to the  plug s ta g e  (P in Fig. 7). A 
corolla  ring m eristem  d ifferentiates on the  ap ex  of the  flower 
(M in Fig. 8) which g ives rise to five corolla lobes 
sim ultaneously (C in Figs. 8 and  9). The p ap pus  is the  next 
organ  of o rg an s  to initiate, becom ing noticable a s  bulges 
a round  the  middle of the  flower (Fig. 9, a rrow head s labelled P). 
As th e  first five p a p p u s  m em b ers  differentiate  
a ltern ipeta lously  (P in Fig. 10), five s ta m e n s  a re  initiated 
sim ultaneously (S in Fig. 10, one p appu s  m em ber obscured  by 
bract, B). Two carpe ls  a re  initiated (Fig. 11, a rrow heads  
labelled G), after the corolla lobes have  a rched  inward and  the 
corolla tube  h as  begun to e longate  by zonal growth (C and CT in 
Fig. 12, s a m e  ag e  a s  11). Num erous short trichom es a re  
form ed on the  corolla and  a c h e n e  a s  the  flowers differentiate 
(Figs. 6 and  13, a rrow heads labelled T).
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Liatris p v c n o s ta c h v a  Michx.
"Blazing star", collected roadside  in in a  s a n d y  a re a  in 
Je fferson  Davis Parish, Louisiana.
O rganogenesis  sequence: Co, P, S, G
Sca le : Bars in Figures 1-5, and  8-11 = 50 jim 
Bars in Figures 6, 7 and  12 = 500 pm
Blazing s ta r  is a  very attractive unbranched  plant with the  
main axis arising from a  basal rose tte  of leaves. The h e ad s  
a re  se ss ile  on the axis in a  sp icate  synflorescence , and  
an thes is  of the h e ad s  p ro ceed s  basipetally on the  axis. The 
h e a d s  a re  discoid with five to ten rose  to purple flowers each .
In f lo re s c e n c e - T h e  inflorescence m eristem  h a s  a  dom ed  
sh a p e  initially (Fig. 1). The five to eight disk flowers a re  
initiated m ore or le s s  s im ultaneously  a round  the  periphery  of 
the  inflorescence m eristem  (Fig. 2). O rg ano genes is  on the  head  
also  tak e s  place sim ultaneously (Figs. 3-6). T here  s e e m s  to be  
so m e  crowding effect d u e  to the  p re s su re  of the  involucral 
bracts; a s  the  p a p p u s  primordia a re  being initiated, th o se  that 
a re  located on abaxially a re  temporarily s u p p re s s e d  (Fig. 5, 
a rrow head). The effect is short-lived, however, an d  all the
27. Liatris p ycn ostach ya
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p a p p u s  m em bers  eventually  attain the  s a m e  length (Figs. 7,
1 2 ).
F lo w e r --The floral primordia quickly en la rg e  to th e  peg  s ta g e  
(Fig. 2) after they  a re  initiated. A corolla ring m eristem  is 
s e e n  briefly (M in Fig. 8). Five corolla lobes a re  differentiated 
more or less  sim ultaneously (C in Fig. 8). T he p appus 
primordia a re  the  next to ap pea r;  the  first m em b ers  a lte rna te  
with the  corolla lobes (Fig. 9, a rrow heads), excep t for the  
abaxial site a s  noted abo ve . Additional p a p p u s  primordia fill 
in the  g a p s  (Figs. 5 an d  10), with the  abaxial side  remaining 
unoccupied  until the  o ther  pap p u s  m em bers  have  e longated  (Fig. 
6 ). As the  corolla lobes arch inward (C in Fig. 10), the  s ta m e n s  
(Fig. 10, a rro w h ea d s  labelled S) a re  initiated in the  interior of 
the  flower, s im ultaneously  a n d  a lte rn a te  with the  corolla 
lobes. Two ca rp e ls  a re  initiated (Fig. 11, a rro w h ead s  labelled 
G) a s  the  o ther o rg an s  enlarge. At maturity (Fig. 12), the 
a c h e n e  and  p a p p u s  a re  covered  with fine short trichomes.
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Tribe: H elian theae
Tribal limitations of th e  H elian theae  have  differed m arkedly 
in the  t rea tm en ts  by severa l au tho rs  both in recen t tim es, 
(S tuessy , 1977; Turner an d  Powell, 1977; Robinson, 1981; 
Bremer, 1987), an d  in th e  earlier literature (Cassini, 1829; 
Lessing, 1832; De Candolle, 1836; Bentham  1873). Som e 
au th o rs  e re c t  th e  tribes T a g e te a e  (Cassini, 1829; Strother, 
1977) and  C oreo psid eae  (Turner and  Powell, 1977) out of the  
H eliantheae. The paraphyletic tribe H elenieae, a s  conce ived  by 
Bentham  (1873), h a s  b e en  redistributed am ong all of the 
previously m entioned taxa  (Turner and  Powell, 1977). In the 
current study, the  tribe H elian theae  w as  a p p ro a ch e d  in the  
broad s e n s e  with sp e c ie s  ch o sen  from the  following taxa  of 
the  H elian theae  s e n s u  la to :
G roup#
S p e c ie s tribe of S tuessv  (19771
C o r e o p s i s  t in c to r ia C o re o p s id ea e 2
D y s so d ia  ten u i lo b a T a g e te a e -
E clip ta  a lb a H elian theae  s e n s u  s tr ic to 1
G a i l la rd ia  a e s t i v a l i s H e len ieae  (radia te) 1
Q .aJjn s.Q,g a  p a  rvif I o ia H elian theae  s e n s u  stricto 3
H v m e n o p a p p u s  a r te m is ia e fo l iu s H e len ieae  (discoid) -
Madia e le g a n s H e lian theae  s e n s u  s tr ic to 3
B.ud.bec.kja Jacin.iata H e lian theae  s e n s u  s tr ic to 1
T ith o n ia  ro tu n d ifo l ia H e lian theae  s e n s u  s tr ic to 1
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C o r e o p s i s  t in c to ria  Nutt.
"Tickseed", collected from a  d isturbed site in E as t Baton Rouge 
Parish , Louisiana.
O rganogenesis  sequence : Disk-Co, S, G Ray-Co, S
Sca le :  Bars in Figures 1-4, 7-12, and  14-21 = 50 pm 
Bars in Figures 5, 6, 13, and  22 = 500 pm
Tickseed is an annual herb that favors d isturbed sites . 
Vigorous p lan ts  a re  much b ranched  with 20-40 terminal h e a d s  
per plant a t any one  time. There  a re  usually about 160 
te tram e ro u s  disk flowers and  eight show y ray flowers per 
head . None of the flowers exam ined for the  p resen t study 
exhibited a  pappus, although flowers of the  sp e c ie s  exhibit 
occasional a  small or obso le te  p a p p u s  (Cronquist, 1980).
I n f lo re s c e n c e - T h e  in florescence m eristem  h a s  a  rounded  
conical sh a p e  a s  floral initiation beg ins (Fig. 1). The com m on 
primordia tha t bifurcate to form the  disk flower and  
rec ep ta cu la r  b rac t primordia a re  a p p a re n t  first (Fig. 1, 
a rro w h ead s  labelled D), a t the  lower e d g e  of the  uncommitted 
m eristem . The initiation of the  disk flower primordia then 
p ro ce ed s  acropetally  in orderly pa ras tich ies  (Figs. 2, 3, a rrow s 
labelled D). The primordia of the  ray flowers a re  delimited in
29. C oreopsis tinctoria
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small irregular a r e a s  of m eristem  which rem ain uncom m itted  
temporarily a t  the  b a s e  of eac h  parastichy (Fig. 1, a rrow heads  
labelled R). Additionally, the  ray primordia a re  d e layed  in 
early dev e lopm en t (Fig. 2, a rrow h eads  labelled R), until fairly 
late during differentiation when ray ligules ex pand  (R in Fig.
6 ). The d isk /bract com m on primordia a re  initiated until the  
in flo rescence  m eristem  is com plete ly  utilized (Fig. 4), by 
which tim e th e  low erm ost disk flowers have  initiated 
o rganogenes is . The s e q u e n c e  of o rg an ogen es is  follows the 
acropeta l pattern  of initiation on the  head , an d  ta k e s  p lace 
rapidly (Fig. 5). After bifurcation, the  recep tacu la r  b ract 
primordia (Figs. 3, 4, a rro w h ead s  labelled B) a re  su p p re sse d  in 
growth, and  a re  su rp a s s e d  in size (Fig. 5, a rrow head  labelled B) 
by the  disk flowers. In later s ta g e s ,  the recep tacu la r  b rac ts  
e longate  (Fig. 6, B), exceed ing  the disk flowers in length.
D isk f lo w e r- D is k  flowers a re  initiated a s  com m on primordia 
(Fig. 7, a rro w h ead s  labelled 1) with the  recep tacu la r  brac ts . 
Each com m on primordium rapidly b ifurcates (a rro w h ead s  
labelled 2) in an  unequal division. The abaxial portion 
com prises  about 1/3 of the  com m on primordium and  b e co m es  
the  recep tacu la r  bract primordium. The adaxial portion g ives 
rise to a  disk flower primordium, which rapidly e n la rg es  (Fig.
8 ) to o b scu re  the  developing recep tacu lar  bract. T he  first 
o rg an s  to a rise  on the  disk flower primordia a re  the  four 
corolla lobe primordia which a p p e a r  sim ultaneously  (Fig. 8), 
apparen tly  without a  preceding ring m eristem  s tag e .  All the  
disk flowers a re  regularly te tram erous ;  no p e n ta m e ro u s  or 6- 
m erous flowers a re  found in this spec ie s .  Next to a r ise  a re  the 
four s im u ltan eo u s  s ta m e n  primordia, loca ted  a lte rn a te  with 
the  corolla lobes (Fig. 9, a rrow heads labelled S). Last to 
initiate a re  the  two ca rp e ls  (Fig. 10, a rro w h eads  G). In mid­
developm ent, a s  the s ta m e n s  and  style e longate  (S in Fig. 11, 
a rrow head  labelled St), a  nectary  initiates a t  th e  b a s e  of the
30. C oreopsis  tinctoria
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style (Fig. 11, arrow head  labelled N). A later s ta g e  of the 
basal disk nectary may be s e e n  in Figure 12 (N), with corolla, 
s ta m e n s  and  the  upper portion of the  style d isse c te d  away.
The bilateral flattening of the a c h e n e  can  be s e e n  (Fig. 12), 
with two bu lges (unlabelled a rrow heads) that b e co m e  "wings" 
in the  m ature a ch e n e  (not shown). No p appu s  or o ther enations 
a re  formed on the  a c h e n e s  in the  population under study (Fig.
13). The subtending recep tacu lar bract often a d h e re s  to the  
a c h e n e  (B in Fig. 13) after separa tion  from the  receptacle .
R a v  f lo w er- T h e  primordia of the  ray flowers occupy  narrow 
a re a  at the  b a s e  of e ac h  parastichy on hte capitulum (Fig. 14, 
arrow head). The primordium ex p an d s  in the available sp a c e  
(Fig. 15, arrow head) and  a  very irregular ring m eristem  is 
formed on the sum m it of the  ray primordium (Fig. 16, 
arrow head). During early developm ent, the  ray primordia 
en la rge  evenly by the  ring m eristem  activity and  zonal growth 
(Figs. 17, 18). Individual corolla lobes a re  not differentiated, 
and  there  a re  no distinct apical tee th  on the  m ature  ray 
corolla. Eventually the  abaxial portion e x c e e d s  th e  adaxial 
portion (Fig. 20, a rrow heads labelled Ad and  Ab) and  the  ray 
corolla cu rves  upw ards. All the  rays a re  neutral a t  maturity, 
although four s tam en  primordia a re  initiated (S in Fig. 19, 
flower sa m e  a g e  a s  in Fig. 20). The s tam en  primordia do not 
develop any further and  a re  eventually reso rbed  (Fig. 21, 
flower sa m e  a g e  a s  in Fig. 22). Carpel primordia w ere  not se en  
in any of the  rays d issec ted . In later s ta g es ,  the  abaxial 
portion of the  corolla ex p an d s  and  trichom es develop  (Fig. 22, 
a r ro w h e a d s ) .
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D vssodia  tenuiloba (DC.) B. L. Robinson
"Dyssodia", material grown from comm ercially  availab le  s e e d  
in the  g ree n h o u se .  The original distribution of the  sp e c ie s  is 
from T exas  to Northern Mexico.
O rganogenesis  sequence : Disk-Co, S, P, G Ray-Co, P, G
Sca le :  Bars in Figures 1-3, 7-12, and  14-21 = 50 pm 
Bars in Figures 4-6, 13, and  22 = 500 pm
D v sso d ia  ten u ilo b a  is a  low, much branched  taprooted  annual 
or short-lived perennial. The h e ad s  a re  num erous and  are  
located terminally on the  many b ranches . Each head  h as  about 
30-50 yellow disk flowers, and  5-10 yellow ray flowers on a  
head . The ray flowers a re  a rranged  in a  single series.
I n f lo r e s c e n c e - T h e  in flo rescence  m eris tem  is hem isp heric  
before the  a p p e a ra n c e  of any floral primordia (Fig. 1). Floral 
primordia a re  initiated rapidly in an  acropeta l s e q u e n c e ,  and  
the  disk flower primordia expand  to the  plug s ta g e  (D in Fig. 2), 
also in acropetal s e q u e n c e  (D in Fig. 2). O rgan ogenesis  on the  
head  b eg ins  with th o se  disk flower primordia located  
peripherally (Fig. 3, unlabelled  a rrow heads) , p roceed ing  
acropetally. T he ray flower primordia lag behind the  disk 
flower primordia in developm ental s ta g e  (Figs. 3 a n d  4,
32. D yssodia  tenuiloba
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a rrow heads  labelled R). As developm ent p ro g resse s ,  the  ray 
flowers gradually begin to catch  up to the  disk flowers in size  
(Fig. 5). During late s ta g e s  of expansion  and  elongation, the  
recap tac le  b ro ad e n s  and  flattens som ew hat (Fig. 6).
Disk flow er- T h e  primordia of the  disk flowers rapidly 
en la rges  to the plug s ta g e  (P in Fig. 7), and  then  develops  a  
corolla  ring m eristem  apically (Fig. 7, primordium with 
arrow head  labelled M), a s  the first sign of o rg an ogen es is .  The 
individual corolla  lobes a rise  from th e  corolla  ring m eristem  
in rapid s e q u e n c e  (Fig. 8, arrow heads). After en la rg em en t of 
the  corolla lobes, the  five s ta m e n  primordia a re  initiated, 
s im ultaneously  and  a lte rna te  with the  corolla lobes on the  
s lopes  of the  con cav e  floral apex  (Fig. 9, a rrow heads). After 
the  a p p e a ra n c e  of the  s tam en  primordia, the  first sign of 
p a p p u s  initiation b e c o m e s  evident a s  bu lges on the  flanks of 
the  flower, located  opposite  the  corolla lobes (Fig. 10, 
arrow heads). The bu lges form the individual p lum ose  p ap p u s  
m em b ers ,  and  additional primordia d ifferentiate  during later 
deve lopm en t to p roduce  a  solid ring of p lum ose bristles (Fig.
13, a rrow head  labelled P). The two carpe ls  a re  initiated on the 
radial p lane  (Fig. 11, a rro w h ead s  labelled G), appearing  after 
the  initial p a p p u s  m em ber primordia have  en la rged  so m ew hat 
(Fig. 11, a rrow heads labelled P), and  the  corolla lobes have 
com pletely o b scu red  the  interior of the  flower (Fig. 12, 
arrow head  a t s a m e  a g e  flower a s  in Fig. 11).
Rav flower-A f te r  initiation, th e  so m e w h a t  an g u la r  ray 
flower primordia en la rge  and  p a s s  through the  plug s ta g e  (Fig. 
14, a rrow heads). A corolla ring m eristem  is form ed (Fig. 15, 
a rrow heads)  next. The abaxial and  the  two lateral portions of 
the  corolla expand , but a re  not well-defined lobes a t  this s ta g e  
(Fig. 16, a rrow heads). T he  adaxial portion of the  corolla is
33. D yssodia  tenuiloba
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su p p re sse d  a t  this s tag e  (Fig. 17, arrow head  labelled Ad), and  
d o e s  not e longate . At abou t the  s a m e  time, th e  four initial 
p ap p u s  m em bers  a re  a p p e a r  (Fig. 18, a rro w h eads  labelled P), 
and  the  two carpel primordia a re  initiated (Fig. 19, polar view 
of flower the  sa m e  a g e  a s  in Fig. 18, a rro w h eads labelled G).
As the corolla of the  ray flower beg ins to e lo nga te  (Fig. 20, 
arrow heads), the ap ices  of the  carpe ls  b eco m e  a p p re s s e d  and  
begin to e lo nga te  a s  well (Fig. 21, polar view, a rro w h ead s  
labelled G). Shortly before an thesis , the corolla h a s  b roadened , 
beco m e  inrolled, and  the  stylar b ran ch es  a re  evident in a  
d issec ted  ray flower (C in Fig. 22, a rrow heads  labelled St).
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Eclipta alPa (L.) Hassk.
"Eclipta", co llec ted  from a  d istu rbed  site  on the  Mississippi 
River levee in E ast Baton Rouge Parish, Louisiana.
O rganogenesis  sequence : Disk-Co, S, G, P Ray-Co, G, P
S ca le :  Bars in Figures 1-4, 7-13, and  15-21 = 50 pm
Bars in Figures 5, 6, 14, an d  22 = 500 pm
The inset of Figure 20 is of the s a m e  magnification,
different ang le .
E clip ta  is a  weakly spread ing  w eed  that often roots a t  the  
nodes. The h e ad s  a re  located on axillary and  terminal 
peduncles , and  only abou t ten  a re  flowering a t  any  one  time, 
although new h e a d s  a re  constantly  formed during the  se a so n .  
T here  a re  from 25-35 te tram ero u s  disk flowers pe r  head , 20- 
30 ray flowers tha t a re  of the  filiform type.
I n f l o r e s c e n c e - T he m eristem  of the  in flo rescence  is a lm ost 
spherica l prior to floral initiation (Fig. 1). Floral initiation 
tak es  p lace  in a  rapid bidirectional s e q u e n c e  (Fig. 2). The 
larger d isk flower primordia a re  first initiated a b o u t  halfway 
up the  inflorescence m eristem  (Fig. 2, a rro w h ead s  labelled D). 
T he first ray flower primordia a re  located  proximal to th e  disk
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flower primordia se r ie s  (Fig. 2, a rrow heads  labelled R). Disk 
flowers a re  initiated acropeta lly , and  ray flower primordia a re  
initiated in basipeta l s e q u e n c e  down to the  level of the  
involucral bracts  (I in Fig. 2). The cou rse  of developm ent on 
the  h ead  follows the  s a m e  bidirectional pattern  Figs. 3 and  4). 
T he low erm ost disk  flower primordia a re  the  first to initiate 
o rg an o g e n es is  (Fig. 3) which then p ro ceed s  acropetally for the  
remaining disk flower primordia (Fig. 4). The ray flower 
primordia develop in a  rapid basipetal s e q u e n c e  on the  head, 
with the  largest an d  m ost ad v an ced  ray primordia located 
upperm ost (Figs. 3 and  4, arrow heads). By the  time 
o rg an o g en es is  is com pleted  for all the  flowers on a  h ead  (Fig. 
5), equalization h as  taken  place, obscuring any ev idence  of the 
early bidirectionality. N um erous corolla tr ichom es b eco m e  
ev iden t in te rsp e rsed  with the  recep tacu la r  brac ts , (Fig. 6, 
a rrow heads) , a s  the  flowers exp an d  during later s ta g es .
Disk flow er- T h e  disk  flowers a re  initiated a s  com m on 
primordia acropetally  (Fig. 7, a rrow head  labelled 1) that 
sub sequen tly  bifurcate in an  unequal division (Fig. 7, 
a rrow head  labelled 2). The sm aller portion cut off abaxially 
b e c o m e s  the  recep tacu la r  bract primordium, and  the  adaxial 
portion is the  disk flower primordium. The disk flower 
primordium en la rg es  to th e  plug s ta g e  (Fig. 8, arrow head  
labelled P), and  soon  develops  a  corolla ring meristem  apically 
(Fig, 8, a rrow head  labelled M). The recep tacu lar bract 
primordium a lso  en la rg es ,  in som ew h at crow ded  conditions 
(Figs. 8 and  9, a rrow heads labelled B). The apex  of the  disk 
flower primordium b e c o m e s  con cav e  a s  th e  corolla ring 
m eristem  e n la rg es  (Fig. 9). Four individual corolla lobes 
a p p e a r  a s  bu lges on the  corolla ring m eristem  (Fig. 10, 
a rro w h eads labelled C) and  the  sa tm e n s  a re  initiated soon  
after (Fig. 10, a rro w h ead s  labelled S). The corolla lobes arch 
inward to cover the  interior of the  disk flower while the
Eclipta alba
145
s tam en  primordia en la rge  (C and  S in Fig. 11, partially 
d isse c te d  flower). Slightly later a s  the  corolla dev e lo ps  
trichom es (Fig. 12, a rrow heads) , the  two carpel primordia a re  
initiated (Fig. 13, partially d is se c te d  flower, a rro w h ea d s  
labelled G). Not until very late in developm ent (Fig. 14) is the  
papp us  initiated a s  a  crown-like enation from the  top of the  
ovary (Fig. 14. a rrow head s labelled P). The recep tacu lar bracts 
have also  developed  trichom es by this s ta g e  (Fig. 14, 
a rro w h ead s  labelled T).
R a y  f lo w e r - R a y  flower primordia a re  initiated in a  basipeta l  
s e q u en c e ,  from a  com m on primordium that also  p roduces  a  
recep tacu lar  b rac t primordium (Fig. 15, arrow heads). The 
com m on primordium bifurcates (Fig. 16) to p roduce  the  ray 
flower primordium a b o v e  and  the  recep tacu lar  b ract below 
(Fig. 16, a rrow heads labelled R and B). The ray flower 
primordia a re  noticeably sm aller than  the  disk flower
primordia from inception onward (Figs. 2-4). The ray flower
primordia en large  to the  plug s ta g e  (Fig. 17, arrow heads). The 
corolla ring m eristem  is the  first ev idence  of o rg a n o g e n e s is  in
the  ray flower primordia (M in Fig. 18), initiated well after the
neighboring disk flower primordia have  begun  form 
differentiation (D in Fig. 18). The corolla ring m eristem  
e n la rg es  evenly initially (Fig. 19, a rro w h ead s  labelled 1), until 
the  abaxial portion begins en la rgem en t (Fig. 19, a rrow head  
labelled 2). The adaxial section of the corolla is su p p re s s e d  
(Fig. 20 and  inset, a rro w h eads labelled D) a s  the two carpel 
primordia a re  initiated (Fig. 20, a rrow head s labelled G). As 
the  corolla e lo n g a te s  to form the  b lade of the  ray flower, there  
is no ev idence  of individual lobes or teeth  (Figs. 21 an d  22). 
Very late in developm ent, the  p ap p u s  is formed (Fig. 22, 
a rrow heads labelled P). The style h a s  e longated  and  the  stylar 
b ran ch es  a re  evident (Fig. 22, a rro w h eads  labelled St).
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■Gaillardia a e s t iv a l is  (Walter) H. Rock.
"Blanket flower", growing in a  san d y  a re a  in open  w oods in 
Allen Parish , Louisiana.
O rganogenesis  sequence :  Disk-Co, P, S, G Ray-Co, P, (S)
S ca le :  Bars in Figures 1, 2, and  7-21 = 50 pm 
Bars in Figures 3-6 = 500 pm
Blanket flower is a  much b ranched  annual, usually with a  tap  
root. The num erous h e a d s  a re  borne singly on the  tips of 
b ranches . Each head  60-80 yellow disk flowers and  abou t 10 
ray flowers in the  m aterial exam ined .
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  is a  low dom e 
(Fig. 1) prior to the  initiation of the  floral primordia. T he  disk 
an d  ray flower primordia a re  initiated a t  ab o u t the  s a m e  time 
on the  inflorscence m eristem  (Fig. 2, a rro w h ead s  labelled D 
and  R). The two may be  distinguished by their sh a p es -- th e  
disk flower primordia a re  round, and  the  ray flower primordia 
have  a  half-circular sh a p e .  As the  primordia en large, m ore 
disk flower prim ordia a re  initiated ac rope ta lly  in p a ra s t ic h ie s  
(Fig. 3). The distinction be tw een  the  two primordia is 
le s se n e d  com p ared  to earlier s ta g e s ,  although the  ray flower 
primordia a re  so m ew hat sm aller (Fig. 3, a rro w h ead s  labelled D
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and R). O rgan ogenesis  begins with the  outerm ost flowers and 
p ro ce ed s  centripetally (Fig. 4). By m id-developm ent, 
t r ichom es a re  differentiating in the  o u te rm o st disk flowers 
(Fig. 5, a rrow heads). Eventually, all of the  flowers becom e 
covered  with the  villous trichom es (Fig. 6).
D isk f lo w er- T h e  disk flower primordia rapidly p a s s  through 
the  plug and  ring meristem s ta g e s  (P and  M in Fig. 7). The five 
corolla lobes differentiate in an  irregular s e q u e n c e  (Fig. 7, 
primordia with a rrow heads) . The corolla lobes a re  quickly 
equalized  so  that all the sa m e  size (Fig. 8). After the  corolla 
lobes have  a rc h ed  inward, five bu lges located  a lterna te  with 
the  corolla lobes on the  flanks of the  disk flower primordium 
differentiate next (Fig. 9, a rrow heads). The bulges beco m e  the  
s e to s e  p a p p u s  bristles. Five s tam en  primordia a re  initiated 
next (S in Fig. 10), a lternate  with the  corolla lobes. Two 
carpel primordia a re  initiated, and  the  locule be tw een  them  
forms (Fig. 11, a rrow heads labelled G and  L). The ap ices  of the 
carpels  e longate  and  becom e a p p re ssed  (G in Fig. 12) so  that 
the  locule is internalized. The five p a p p u s  m em bers  e longate  
an d  num erous tr ichom es differentiate in later s t a g e s  of 
developm ent (Fig. 13).
Rav flower-A fte r  pass ing  through the  plug s ta g e  (Fig. 3) the  
ray flower primordia display an  irregular corolla ring 
m eristem  (Fig. 14, a rrow heads)  th a t  rapidly d ifferen tia tes  into 
an  abaxial lobe and  two lateral lobes (Fig. 15, arrow head). As 
the  lobes enlarge, the  pap p u s  is initiated (Figs. 17 and  18, 
a rrow heads  labelled P). The ray flowers of this sp e c ie s  a re  
neuter, and  o ther than  a  brief suggestion  of w hat m ay be  
s ta m e n s  barely initiated in Figure 19 (a rrow heads labelled S), 
there  a re  no other signs of s ta m e n s  or ca rp e ls  in the 
developing ray flower (Figs. 16 and 20). The th ree  corolla
39. Gaillardia aestivalis
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lobes e longa te  (C in Fig. 21) to p roduce  a  strongly th re e ­
too thed  ligule a t  maturity (not shown).
pary jflQ.r.a Cav.
"Galinsoga", growing in sem i-sh ad e  in a  low, wet a re a  a t the 
e d g e  of w oods in Rockbridge County, Virginia.
O rganogenesis  sequ en ce :  Disk-Co, S, G/P Ray-Co, S, G, P
Sca le : Bars in Figures 1-5, 7-11, and  13-17 = 50 jam 
Bars in Figures 6, 12, and  18 = 500 jam
G a l in s o g a  parviflora  is a  low, m oderately  b ranched  annual 
herb. The small h e a d s  a re  located terminally on th e  b ran ch es  
and 15-30 a re  undergoing an thes is  a t  a  particular time. There 
a re  abou t 25 disk flowers and  5-8 disk flowers on a  head.
I n f lo r e s c e n c e - T h e  in flo rescence  m eris tem  is ra the r  
hem ispherical a s  floral initiation begins (Fig. 1). The 
recep tacu la r  b rac t primordia s e e m  to in te rg rade  with 
involucral bract primordia (I and  B in Fig. 2). Both the  disk and  
ray flower primordia a re  initiated in the  axils of th e  two b ract 
types (D and R in Fig. 2). The ray flower primordia a p p e a r  to 
lag behind the  disks in developm ent and  s ize  from the  earliest 
s t a g e s  (Figs. 2-5). O rg a n o g en e s is  s ta r ts  with the  lowerm ost 
disk flowers (D in Fig. 3) and  p roceeds  acropetally. The ray 
flower primordia undergo  o rg an o g e n es is  slightly later (R in 
Fig. 4). The dom ed  sh a p e  of the inflorescence recep tac le  is
41 . Galinsoga parviflora
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m ain tained  during later s t a g e s  of flower differentiation (Figs. 
5 and  6).
D isk  f l o w e r - Disk flower primordia a r ise  in the  axils of the  
recep tacu lar bract primordia (Fig. 2 and  polar view in Fig. 7, 
a rrow heads labelled D and  B). The disk flower primordia 
enlarge to the plug s ta g e  (P in Figs. 8 and  9) and  then display a  
shallow corolla ring primordium (M in Figs. 8 and  9). Four or 
five individual corolla lo bes  d ifferentiate  from the  corolla 
ring m eristem  (C in Fig. 9) shortly before the  initiation of the  
s tam en  primordia. The s ta m e n s  ap p ea r  on the  inside of the 
concave  floral ap ex  and  a re  a lternate  with the  corolla lobes (S 
in Fig. 9). Occasionally, a  s tam en  is missing from a  se ries  
(Fig. 9, arrow head) in an  otherwise pen tam erou s  flower. The 
initiation of the pappus and  the carpels  h ap p en s  more or less 
sim ultaneously . Individual p ap p u s  m em bers  a re  initiated in 
se q u e n c e ,  beginning with five s i te s  a lterna te  to the  corolla 
lobes (Fig. 10, a rrow heads). At the  sa m e  time, (Fig. 11, polar 
view of d issec ted  flower of the  sa m e  age), two carpe ls  have 
initiated on a  radial plane of the h ead  (G). At an thesis , the 
chaffy pappu s  (Fig. 12, arrow head  labelled P) surrounds the 
short  corolla tube.
R a v  f lo w e r - T h e  ray flower primordia a re  ra ther irregular in 
s h a p e  a t  initiation (Fig. 13, arrow head) and  a re  located in the 
axils of involucral bracts  (Fig. 2, brac t rem oved, s c a r  labelled
I). After en la rgem ent to the plug s ta g e  (R in Fig. 3), a  corolla 
ring meristem  is formed apically (M in Fig. 3). Four s ta m e n s  
a re  initiated (Fig. 14, a rro w h eads labelled S) in the  developing 
ray flower primordium concom itan t with the  expansion  of 
th ree  lobes of the  corolla. Two carpe ls  a re  initiated shortly 
thereafter (G in Fig. 15, the corolla and  one  s tam en  have been  
removed). The corolla and  the  carpels  e longate  (Fig. 16) a s  the
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p a p p u s  primordia a re  initiated in rapid s e q u e n c e  (arrow heads 
labelled P). At a  slightly later s tag e , (Fig. 17), the  s tam en  
primordia a re  a lm ost com pletely reso rbed . At an thes is ,  the  
th ree  corolla lobes a re  evident a s  the  apical tee th  of the  limb 
of the  ray flower.
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H v m e n o p a p p u s  a rtem isiaefo lius  DC.
"Hymenopappus", collected at roadside, a t the  ed g e  of piney 
w oods in Vernon Parish, Louisiana.
O rganogenesis  sequence: Co, S, G, P
Sca le :  Bars in Figures 1-4, and  7-10, = 50 pm 
Bars in Figures 5, 6, 11 and 12 = 500 pm
H v m e n o p a p p u s  is a  biennial taprooted herb that is m oderately 
b ranched. The h e ad s  a re  discoid and  a re  terminally grouped  on 
the  b ran ch es  in small cym ose  clusters. There  a re  12-20 
flowers on a  head.
I n f lo re s c e n c e - T h e  inflorescence m eristem  is a  low dom e 
before any  flowers a re  initiated (Fig. 1). Flower primordia a re  
initiated acropetally (F in Fig. 2). O rg an ogenes is  beg ins with 
the  ou term ost flowers (Fig. 3; severa l flowers rem oved) and  
p ro g re s se s  inward on the head  (Fig. 4, polar view). As the  
ou term ost flowers develop  tr ichom es on the  corolla su rface  
(Fig. 5, a rro w h eads  labelled T) before the  flowers located at 
the  sum m it of th e  inflorescence have  com pleted  o rg an o g e n es is  
(Fig. 5, arrow head  labelled O). By mid-developmental s ta g e s  
(Fig. 6) all the flowers have  becom e equalized in size  and  
s ta g e .
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F lo w e r - -The disk flower primordia a re  initiated a s  low 
m ounds (F in Fig. 2), that rapidly en large  to the  plug s ta g e  (Fig. 
2, a rrow heads labelled P). The corolla lobes a re  
s im ultaneously  initiated directly from the  a p e x  of the  floral 
primordium (Fig. 3, unlabelled arrow heads). A preceding ring 
m eristem  s ta g e  occu rs  only rarely, and  is ra ther irregular 
when it is ex p re ssed  (Fig. 4, arrowhead). The corolla lobes 
rapidly expand  and  cover the  interior of the  flower (Fig. 4).
The s tam en  primordia a re  initiated next (flowers in Fig. 4), 
s im ultaneously  an d  a lte rna te  with the  corolla lobes (S in Figs 
7 and 8). Two carpel primordia a re  initiated (Fig. 9, 
a rrow heads labelled G) after so m e  expansion  of the  s tam en s .
At this time, the  first ev idence  of the  pap p u s  is noticable (Fig. 
10, arrow head  labelled P) a s  a  swelling of the  upper e d g e s  of 
the developing ach en e . T h ese  swellings expand  into a  pappus 
of chaffy sc a le s  a t  maturity (Fig. 11, a rrow head  labelled P).
At an thesis , (Fig. 12) the  tips of the  externally trichome 
bearing s ta m e n s  (arrow head labelled S) an d  the  stigm a 
(arrow head labelled St) a re  ex se r ted  from the  corolla.
45. Hymenopappus artemisiaefolius
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Madia e legans  D. Don.
"Tarweed", ob ta ined  from the  collection a t  the  University of 
California Botanical G ardens , a t  Berkeley. The native range  is 
th roughou t m on tane  California.
O rganogenesis  sequence : Disks-Co, S, G Ray-Co, S, G
S ca le :  Bars in Figures 1-3, 7-13, and  15-21 = 50 pm 
Bars in Figures 4-6, 14, 22 = 500 pm
Common M a d ia , a s  it is otherwise known, is a  h andsom e 
m odera te ly  b ran ched  plant with a  cop ious vestiture  of 
g landular hairs. This annual sp e c ie s  a tta ins a  height of about 
2 .5 m eters. H eads are  terminal on the branches. Each head  has 
ab o u t 90 disk flowers an d  15 ray flowers; both floral types a re  
y e llo w .
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  is m odera te ly  
do m ed  a t the  s ta g e  of floral initiation (Fig. 1), b rac t primordia 
a re  a lso  p resen t  (B) and  may be  distinguished by their upcurved 
ap ices . Below an d  be tw een  the  bract primordia, uncommitted 
m eristem atic  a r e a s  a re  p re sen t  (Fig. 1, unlabelled 
a rrow h eads) .  T he first disk flower primordia initiate a t  or 
ab o v e  the  level of the  bract primordia (Fig. 1, a rrow heads 
labelled D). S u b se q u e n t  disk flower primordia continue to
46. Madia e legan s
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initiate acropetally  (D in Fig. 2), and  the  ray flower primordia 
a re  initiated (Fig. 2, a rro w h eads  labelled R) in the  basa l 
m eristem atic  a r e a s  below the  enlarging bract primordia (B in 
Fig. 2). Additional b rac t primordia a re  also  initiated, 
sub tending  the  disk flower primordia a  se r ie s  higher than  the 
ou term ost o n e s  (Fig. 2, a rrow heads labelled X). Initiation of 
additional d isk flower primordia p ro c e e d s  acropeta lly  until the  
inflorescence m eristem  is u sed  up (Fig. 3). Although the  disk 
an d  ray flower primordia start out roughly equal in s ize  (Fig.
2 ), the  disk flower primordia quickly su rp a s s  the  rays in size 
(D and R in Fig. 3) and s ta g e  of developm ent (Fig. 4). 
O rg a n o g en e s is  begins with the ou term ost disk flowers (Fig. 4) 
and  p ro ceed s  acropetally. The ray flower primordia a re  
su p p re s s e d  until severa l se r ie s  of d isks have  differentiated (D 
and  R in Fig. 5). The bracts  that sub tend  the ou term ost two 
se r ie s  of disk flowers en la rge  and  b roaden  to cover the  disk 
flower (B in Fig. 5). At mid- developm ent, the copious 
vestiture can  be  s e e n  on all s truc tures  of the inflorescence 
excep t the  developing ray flowers (Fig. 6, a rro w h eads labelled 
R). The disk flower b racts  have e longated and  extend beyond 
the head (B in Fig. 6).
Disk f lo w er- T h e  disk flower primordia a re  rounded  
p ro tu b eran ces  w hen they initiate (Figs.1 and  2), and  they 
rapidly expand  to the  plug s ta g e  (P in Fig. 7). A corolla ring 
meristem  is s e e n  only briefly (M in Figs. 7 and  8) before the  
five corolla lobes b ecom e evident (C in Fig. 8). Five s tam en  
primordia a re  initiated next a lte rn a te  with the  corolla  lobes 
and  simultaneously (S in Figs. 8 and 9). The corolla lobes begin 
to expand  (C in Fig. 10) and  arch over the interior of the  flower 
(Fig. 5). After the  s tam en  primordia have en la rged  som ew hat 
(S in Fig. 11), the  two carpel primordia a re  initiated, of which 
the  first ev idence  is the a p p ea ra n c e  of a  groove (Fig. 12, 
arrow head  labelled Gr). The two carpels  arise  on either side  of
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the  groove, and  becom e a p re ssed  (G in Fig. 13). At an thesis , 
the  a n th e rs  d e h isc e  longitudinally (Fig. 14, a rrow head  labelled 
A) re leas ing  their pollen.
R a v  f l o w e r - Rav flower primordia a re  initiated in the  ba re  
m eristem atic  a r e a s  at th e  b a s e  of the  inflo rescence  m eristem  
(Fig. 15, a rrow heads). The primordia en large  to the  plug s ta g e  
(Fig. 2 arrow head  labelled R). O rg anog en es is  begins with the  
e n la rg em en t of the  two lateral corolla lobes (Fig. 16, 
arrow heads). As the  abaxial corolla lobe begins to en large  
(Fig. 17, a rro w head s  labelled Ab), four s tam en  primordia are  
initiated (Fig. 17, a rrow heads  labelled S). Two carpel 
primordia a re  initiated (G in Fig. 18) a s  the  th ree  corolla lobes 
en large. The corolla of the  ray flower s ta r ts  to e longa te  by 
zonal growth below the  th ree  lobes (Fig. 19); a t the  s a m e  time, 
the  s tam en  primordia a re  in the  p ro ce ss  of resorbtion (Fig. 20, 
a rrow head  labelled S). At later s ta g e s  of developm ent, the  
s ta m e n s  a re  no longer obvious (Fig. 21). At an thesis , the  
corolla unfurls and  the  style is ex se r ted  (Fig. 22, a rrow head  
labelled  St).
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R u d b e c k ia  lac in ia ta  L.
"Coneflower" or "Golden glow", collected  from a  low, moist 
a re a  in d e n s e  w oods in W est Feliciana Parish, Louisiana.
O rganogenesis  sequence : Disks-Co, S, G, Ray-Co
S ca le :  Bars in Figures 1, 2, 7-14, and  16-21 = 50 pm  
Bars in Figures 3-6, 15, 22 = 500 pm
R u d b e c k ia  lac in ia ta  is a  tall perennial herb tha t b ran ch es  
m oderately. H eads  a re  located terminally on the  b ranches . 
T here  a re  approxim ately  150 yellowish disk flowers and  10 to 
15 yellow rays on each  head.
I n f lo re s c e n c e - T h e  inflorescence is a  low d o m e  before  the 
ad v en t of floral initiation (Fig. 1). R ecep tacu la r  primordia a re  
initiated a t  the  b a s e  of the  inflorescence (Fig. 2, a rrow head s  
labelled B) a n d  p ro ceed  acropetally. Almost immediately, disk 
flower primordia a re  initiated in the  axils of the  recep tacu la r  
b rac t primordia (Fig. 2, a rro w h eads labelled D). At the b a s e  of 
e a c h  b rac t/d isk  pa ras t ichy  a  small uncom m itted  m eris tem atic  
a re a  rem ains (Figs. 2 and  3, a rrow heads labelled R), from 
which the  ray flower primordia a re  form ed (Fig. 4, a rrow head  
labelled R). As initiation of the  disk flowers and  recep tacu lar  
b rac ts  p ro ceed  acropetally  on the  head , the  inflorescence
49 . Rudbeckia laciniata
171
recep tac le  gradually e long a tes  (Figs. 1-6) and  b e c o m e s  cone- 
sh a p e d  in later s ta g e s .  The recep tacu lar b rac ts  quickly 
e longa te  and  cover the  disk flower primordia (Figs. 4 an d  5, 
a rrow heads labelled B; m any bracts  have been  d issec ted  away). 
O rg an o g en es is  on the  h e ad  begins with the  lowermost disk 
flowers (Fig. 5, a rrow head s labelled D), and  p ro ceed s  
acropetally  (Fig. 6, a rrow head s labelled D). The ray flowers 
display minimal dev e lopm en t a t  this s ta g e  (Fig. 6, a rro w h ead s  
labelled R).
D isk  f lo w e r - T h e  disk flower primordia a re  initiated (Fig. 7, 
a rrow heads  labelled D) in the  axils of sub tending  recep tacu lar  
bract primordia (B in Fig. 7). The primordia en la rge  to the  plug 
s ta g e  (Fig. 8), and  then develop a  corolla ring m eristem  
apically (Fig. 9, arrow heads). Five corolla lobes a re  form ed 
next from the corolla ring meristem  (C in Fig. 10), more or less 
simultaneously. As the  corolla lobes en large  and  begin to arch 
inward (Fig. 11, a rrow heads  labelled C), the  five s tam en  
primordia a re  initiated sim ultaneously  (Figs. 11 an d  12, 
a rro w h ead s  labelled S),in alternation with the  corolla lobes. 
After the  corolla lobes h av e  obscu red  the  interior of the  disk 
flower (Fig. 13), the  two carpel primordia initiate (Fig. 14, 
a rrow heads labelled G) on a  radial plane. Later in developm ent, 
the  corolla tube  h as  e longated , and  the  hairy tips of the style 
b ran c h es  have differentiated (Fig. 15, a rro w h eads  labelled C, 
ST). A p appu s  w as  not s e e n  in the  material collected.
R a v  f lo w e r- T h e  ray flower primordia a re  initated (Fig. 16, 
a rrow head  labelled R) from the  small irregular a r e a s  of 
uncomm itted m eristem  a t  the  b a s e  of eac h  disk parastichy. 
The primordium slowly ex p an d s  (Fig. 17). The p re sen c e  of two 
bu lges laterally is the  first sign of o rg an o g e n es is  (Fig. 18, 
a rrow heads). As the two lateral corolla lobes ex pand  by zonal
Rudbeckia laciniata
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growth, they  beco m e  m ore or le ss  united by the  outgrowth of 
the  abaxial portion of the  corolla (Figs. 19 and  20, a rrow heads 
labelled Ab). If the  corolla is d is se c te d  aw ay  a t this s tag e ,  it 
is ev iden t that no additional o rg an s  a re  initiated (Fig. 21). 
Later in developm ent, the  ray corolla h a s  expanded , b ecom e 
folded over, and  two apical tee th  a re  visible (Fig. 22, 
a r ro w h e a d s ) .
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T ith o n ia  ro tund ifo lia  Blake.
"Mexican sunflower", grown from comm ercially availab le  s e e d  
in the  g reenho use . This sp ec ie s  is native to Mexico, h en ce  its 
common name.
O rganogenesis  sequence : Disks-Co, S, G/P Ray-Co, S, G, P
S ca le :  Bars in Figures 1, 2, 6-10, and  13-17 = 50 pm
Bars in Figures 3-5, 11, 12, 18, and  19 = 500 pm
Mexican sunflower is a  tall (3-4 m eters) robust annual that 
is moderately branched. The num erous h e ad s  a re  terminal on 
the b ranches , borne on hollow peduncles , and  a re  quite 
a ttractive with yellow disk flowers an d  d e e p  o range  rays. 
Each head  h a s  75-90 disk flowers and  16 ray flowers.
I n f l o r e s c e n c e - Prior to floral initiation, the  in flo rescence  
m eristem  is low-domed an d  a lm ost flat (Fig. 1). Each disk 
flower primordium and  recep tacu la r  b rac t primordium a re  
initiated from a  com m on primordium; the  first o n e s  a re  
located on the  periphery of the  inflorescence (Fig. 2, unlabelled 
a rrow heads) . The com m on primordia rapidly bifurcate, roughly 
into two equal halves, and  the upper portion b e co m es  the  disk 
flower primordium and  th e  lower, the  recep tacu lar  b rac t 
primordium (Fig. 2). The ray flowers a re  initiated a s
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independen t primordia (Fig. 2, a rrow heads  labelled R), after 
two or th ree  se r ie s  of disk flower primordia a re  p resen t.  The 
ray flower primordia a re  triangular in s h a p e  an d  a re  located at 
the  b a s e  of each  disk flower parastichy  (Fig. 2). Initiation of 
additional com m on primordia p ro c e e d s  centripetally  (Fig. 3, 
polar view) and  a s  the  last com m on primordia a re  initiated at 
the  sum m it of th e  in florescence m eristem  (Fig. 3, unlabelled 
a rrow head). The peripherally located  disk flower primordia 
begin o rganog en es is  (Fig. 3, a rrow heads labelled O). The 
co u rse  of o rgano genes is  on the  head  p ro ceed s  acropetally  (Figs. 
3 and  4), but is obscu red  by the  rapidly elongating recep tacu lar 
b racts  (B in Fig. 4). The ray flower primordia (Figs. 3 and  4, 
a rro w h eads  labelled R) a re  su p p re ssed ,  so  tha t the  disk 
flowers have  su rp a s s e d  the  rays in developm ental s tag e . The 
bracts  e longate  and  b ecom e coriacious (B in Fig. 5) protecting 
the  head  in bud. In addition, the  ray flower corollas have  
caugh t up to the disk flowers in size (R and  D in Fig. 5)
D isk f lo w er-C o m o n  primordia a re  initiated on the  su rface  of 
the  inflorescence m eristem  (CP in Fig. 6); they  rapidly 
bifurcate (Fig. 6, a rrow head  labelled X). The bifurcation is 
abou t equal, and  the abaxial portion b e c o m e s  the recep tacu lar 
bract primordium, and  the  adaxial portion b e c o m e s  the  disk 
flower primordium (B and  D in Fig. 6). As the  disk flower 
primordia en large, they rapidly p a s s  through the  plug s ta g e  (P 
in Fig. 7), and  the corolla ring meristem s ta g e  (M in Fig. 7).
Five corolla lobes differentiate sim ultaneously  (C in Fig. C) 
from the corolla ring m eristem . Five s ta m e n  primordia a p p e a r  
next, sim ulatneously  an d  a lte rna te  with the  corolla lobes (Fig. 
8 , a rrow head s  labelled S). After the  corolla lobes have  
expand ed , the  two carpel primordia a re  initiated (Fig. 9, 
a rrow heads labelled G) on a  radial p lane of the head. 
Concommitently, two bulges a p p e a r  on the  sum m it of the  
a c h e n e  (Figs. 9 and  10, a rrow heads labelled P; adaxial bulge
53. Tithonia rotundifolia
179
not in field of view), located  abaxially and  adaxially, tha t will 
becom e the  aw ns and/or sc a le s  that com prise  the  pappus. The 
style beg ins to e longate  (St in Fig. 10) by zonal growth. During 
later s ta g e s  (Fig. 11, a rro w h eads  labelled SB; so m e  s ta m e n s  
rem oved) the  stylar b ran c h es  develop  num erou s  papillary 
tr ichom es on the  ou ter surfaces). A disk-like nectary  
(arrow head labelled N) forms around  the  b a s e  of the  style (St). 
At maturity, the  b a s e  of the  corolla tube  en la rg es  to form a  
nectar recep tac le  (NR in Fig. 12), and  the  m ature  form of the  
papp us  can  be  se e n  a s  sc a le s  (Fig. 12, a rrow heads labelled P) 
a t  the  top of the  achen e .
R a v  f lo w e r- T h e  ray flower primordia a re  triangular in s h a p e  
when they a p p e a r  (Fig. 13, a rrow heads labelled R). The 
primordia en large  (Fig. 14) and then  the  lower ed g e  begins to 
expand  a s  an e longated  a rcua te  mound (Fig. 15, arrow head) to 
form the  ray corolla. By this s tag e ,  the  ray flower primordium 
h a s  b e co m e  bilaterally flattened and  will remain so  (Figs. 15- 
18) throughout developm ent. The corolla ex p an d s  equally, 
without the  a p p e a ra n c e  of individual lobes, an d  two s tam en  
primordia a re  initiated in lateral positions (S in Fig. 16). As 
the  corolla e lo nga tes  (C in Fig. 17) two carpel primordia a re  
initiated (Fig. 17, a rro w h ead s  labelled G) in a  radial plane. 
Later, the s tam en  and carpel primordia a re  reso rbed  (Fig. 18), 
leaving no trace. As the  corolla e long a tes  (Fig. 19), its e d g e s  
fold over and  the  a c h e n e  show s so m e  ev idence  of a  rudimentary 
pap p u s  (Fig. 19, a rrow heads labelled P).
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Tribe: Inuleae
In the  tribal trea tm en t by Merxmuller e t  al. (1977), the  
Inuleae includes two "enlarged" subtribes, the  Inulinae s e n s u  
am p lo  and  the  G naphaliinae s e n s u  a m p lo. and  a  third tribe, the 
Arthrixiinae s e n s u  a m p l o . that is in term ediate  be tw een  the  
first two. This grouping w as  b a se d  on pollen, style, and  
karyological d a ta .  B rem er (1987) d isag reed , treating the  
Inuleae a s  a  paraphyletic grouping, and  breaking the  tribe down 
to th ree  operational taxonom ic units (OTU). Each OTU w as 
apparen tly  given tribal s ta tu s  in B rem er 's  preliminary 
phylogenetic study of the  entire family. I se lec ted  G n a p h a l iu m  
p u rp u reu m  to rep resen t the  Gnaphaliinae s e n s u  am plo  of 
Merxmuller et. al (1977), or B rem er's  (1987) G naphalieae . 
P lu c h e a  fo e t id a  is se lec ted  to rep resen t the Inulinae s e n s u  
a m p lo  of Merxmuller et al., or B rem er's  (1987) Inuleae- 
P lucheinae  s e n s u  lato.
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G naphalium  purpureum  L.
"Cudweed", collected on the  Louisiana S ta te  University c am p u s  
in Baton Rouge, Louisiana.
O rganogenesis  seq u en ce :  Disks-Co, S/P, G Filiform-Co, P, G
Sca le :  Bars in Figures 1-6, 8-19 = 50 pm 
Bar in Figure 7 = 500 pm
G naphalium  purpureum  p o s s e s s e s  num erous h e ad s  on very 
short  b ran c h es  from on e  main inflorescence axis tha t e m e rg e s  
from a  basa l rose tte  of leaves. The bisexual (disk) flowers 
num ber from 3-5, and  with abou t 90 peripheral or filiform 
f lo w e r s .
I n f l o r e s c e n c e - P r io r  to initiation of flowers, the  
inflorescence ap ex  of G n a p h a l iu m  p u rp u re u m  is turbinate with 
a  conical tip (Fig. 1, inflorescence a t  lower right). The 
peripheral or filiform flower primordia a re  the  first to be  
initiated. S ev en  to e igh t flowers p e r  parastichy  form, starting 
a t  the  constric ted  b a s e  of the  inflorecence then  proceeding  
acropetally  (Fig. 2). T he  terminal inflorescence in Figure 1 
sh o w s  all of the  filiform flower prim ordia initiated, with just 
the  beginnings of o n e  of the  first disk flower primordia 
(arrow head). T hree  to five disk flower primordia a re  initiated
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lastly a round  the sum m it of the  inflorescence (Fig. 3), and  a re  
noticeably larger a t  co m p arab le  s ta g e s  than  the  filiform 
flower primordia. O rg a n o g en e s is  of th e  filiform flowers on 
th e  h e a d  is syn ch ro nou s  (Figs. 4-7), with all filiform flowers 
a t  a lm ost exactly the s a m e  s ta g e  and  size  a t  all times. The 
disk flowers a re  not a s  tightly synchronized  am ong th em se lv es  
(Figs. 4, 5), but it is a  moot point to try to a s s e s s  acropetal 
directionality of on togene tic  s ta g e s  am ong only th ree  to five 
flowers. At s ta g e s  c lose  to an thes is  (Fig. 7), the  ab und an t 
pappu s , which se rv es  in wind dispersal of the  ach en e , is highly 
ev id e n t.
Disk f lo w er- T h e  bisexual or disk flowers a re  p roduced  last 
on the  flanks of the  inflorescence apex , a re  rather widely 
sp aced ,  and  do not a p p e a r  to fit along any parastich ies of the 
filiform flower primordia (Fig. 8). A corolla ring m eristem  
a p p e a rs  (RM in Fig. 8), which then differentiates into five 
corolla lobe primordia (C in Fig. 9, polar view of 
inflorescence). The flower b ro ad en s  and  flattens (Fig. 10, 
a rrow head) before the  s ta m e n s  an d  pap p u s  ring primordium 
initiate roughly sim ultaneously  (S, P in Fig. 11). The individual 
p a p p u s  m em bers  (Fig. 12, a rrow heads labelled P, polar view of 
in flo rescence) d ifferentiate  from th e  ring m eristem  a t  ab o u t  
the  s a m e  time a s  the  initiation of the  two carpel primordia 
(Fig. 12, a rrow heads labelled G). The num erous pappus 
m em b ers  per flower rapidly e lo nga te  during m id-developm ent, 
while the  s ta m e n s  and  style undergo  differentiation (Fig. 13).
F il ifo rm  f l o w e r - ln i t ia t io n  of th e  filiform flower prim ordia  
beg ins  a t  the  constric ted  b a s e  of the  inflorescence, below the 
w idest d iam ete r  of the  in florescence m eristem  (F in Fig. 14). 
T he primordia a re  sequentia lly  initiated in orderly 
p a ras t ich ies  (Fig. 15, polar view of inflorescence), converging
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on the  inflorescence apex. O nce all the  flowers a re  initiated, 
however, they  beco m e  synchronized  such  that all the  filiform 
flowers on an  inflorescence display the sa m e  s ta g e  of 
developm ent a t  any  on e  time (Figs. 16-19). After their 
initiation, the  primordia en la rge  into the  plug s ta g e  (Fig. 16). 
The corolla ring m eristem  b e c o m e s  evident next (Fig. 17, 
a rro w h eads labelled RM). Ju s t  below the developing corolla, 
the  pap pus  ring meristem  is the  next to a p p ea r  (Fig. 18, 
a rrow head s labelled P). The num erous individual p ap pus  
m em b ers  d ifferentiate from the  p a p p u s  ring m eristem  shortly 
thereaf te r  (Fig. 19, a rrow heads) , before the  formation of the  
two carpel primordia a re  initiated last (not shown). No 
s ta m e n s  a re  initiated. At maturity, the  corolla tube  of the 
filiform flowers is long and  unexpanded  (Fig. 7) and  a c h e n e s  of 
both flowere types  display num erous su rface  papillae (Fig. 7).
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P iu c h e a  foetida  (L.) DC.
"M arsh-fleabane" collec ted  from a  wet roads ide  ditch in 
Je ffe rson  Davis Parish , Louisiana.
O rganog en esis  seq u en ce :  Disks-Co, P, S, G Filiform-Co, P, G
S ca le :  Bars in Figures 1-4, 7-11 and  13-18 = 50 pm 
Bars in Figures 6, 12 and  19 = 500 pm
This h e rb a ce o u s  sp e c ie s  h a s  m any (20-40) in flo rescences per 
plant, roughly a rran g ed  in a  flat-topped synflo rescence . T here  
a re  usually ab o u t 3-5 b isexual flowers and  140 filiform 
flowers. O ccasional malformed h e a d s  w ere  a lso  noted, 
seem ingly  a  result of an  early fusion be tw een  two 
in flo rescence  m eris tem s (not show n).
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  of P i u c h e a  
fo e t id a  is high-dom ed an d  rather turbinate  (Figs. 1-4), and  the  
recep tac le  reta ins this s h a p e  through a n th e s is  (Fig. 6), 
a lthough by then  the  flat su rface  is proportionally m uch larger. 
T he  filiform flowers a re  the  first to initiate a n d  se e m  to 
a p p e a r  first a t  the  distal e n d s  of their p a ra s t ich ie s  ra ther  
than  a t  the  b a s e  (Figs. 1-3, a rrow heads labelled F). In o ther 
w ords, they  a re  initiated basipetally  on the  capitulum . After 
th e  a p p e a ra n c e  of th e  first filiform primordia, s u c c e s s iv e
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primordia a re  initiated basipetally  on the  in flo rescence, to fill 
the ba re  m eristem atic  a r e a s  a t  the  b a s e  of the  inflorescence 
(Figs. 2, 3, a rrow heads  labelled B). Concurrently, th ree  to five 
bisexual disk flowers a re  initiated high on the  flanks apex  of 
the  in florescence m eristem  (D in Fig. 3). Thus floral initiation 
is bidirectional S e e  Fig. 1, p. 52) b e c a u se  the  disk flowers are  
initiated acropetally. T he  disk flowers, a lthough the  last to be 
initiated, a re  the  first to undergo o rg an o g en es is  (Fig. 4). O rder 
of floral o rg an o g en es is  is sequential on the  capitulum. The
m ost distal filiform flowers a re  the  first to undergo
o rg an ogenes is  (Fig. 5, a rrow heads), and  su b seq u e n t  
o rg an o g e n es is  of the  filiform flowers on the  h e ad  p ro ce ed s
basipetally , following the  order of initiation (Fig. 5).
Disk f lo w er-A fte r  expansion  to the  plug s ta g e  (Fig. 7, 
primordium labelled P), disk flower primordia develop  apical 
corolla ring m eristem s (RM in Fig. 7). Five corolla lobe 
primordia a re  form ed from th e  ring m eristem  shortly 
th e reafte r  (Fig. 8, a rrow heads), followed by the  a p p e a ra n c e  of 
the pappus (Fig. 9, arrow heads). The s tam en s  (S in Fig. 10, 
d is se c te d  flower with corolla rem oved) a re  initiated after the  
p appus m em bers  and the  corolla tube (CT) have e longated  and 
the corolla lobes have becom e a p p re ssed . Two carpel 
primordia a re  later initiated (G in Fig. 11). The s ta m e n s  (S) 
have  not en larged  appreciably a t  this time, but the  p ap pus  
m em bers (P) have e longated  and  begun to differentiate. At 
an th es is ,  the  s ta m e n s  and  style a re  just barely ex se r ted  from 
the  corolla lobes (Fig. 12, s ta m e n s  labelled S, style labelled G).
F ilifo rm  f l o w e r -A f te r  all filiform floral prim ordia  a re  
initiated in basipeta l order, each  ex p an d s  into the  plug s ta g e  
(Fig. 14). Order of o rg an ogenes is  is sequential and  basipetal on 
the  head . The upperm ost flower primordia begin o rg an o g en es is
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with the  formation of a  corolla ring meristem  (RM in Fig. 15). 
Subsequen tly , the  p a p p u s  is formed, first a s  a  ring meristem  
subtending  the  corolla (Fig. 16, a rrow heads labelled RM), which 
then  g ives rise to individual pap p u s  m em bers  (Fig. 16, a t  top). 
As th e  corolla tube  en la rges ,  th ree  corolla lobes a re  de linea ted  
so m ew hat randomly (Fig. 16, a rrow heads labelled C, a t  top).
The basipetal co u rse  of developm ent can  clearly be  s e e n  in 
Figure 17. Two carpel primordia a re  initiated after the  corolla 
h a s  e longa ted  to o b scu re  the  interior of the  flower. In Figure 
18 two corolla lobes (C) and  one  carpel (G) a re  visible; one 
corolla lobe and  one  carpel primordium have  been  removed. 
T here  is no sign of any staminodial structure at any  point in 
developm ent. In Figure 19, the upper quarte r  of both flower 
ty pes  is s e e n  at an th es is ,  the  delica te  filiform flower on the 
left and  the  large disk flower a t  right.
Tribe: S e n e c io n ea e
Two sub tr ibes  a re  currently recognized  (N ordenstam , 1977); 
the  S en ec io n in eae  with 96 g e n e ra  (including S e n e c i o . the  most 
sp e c io se  g e n u s  in the  plant kingdom) and  the 
B lenn osp erm atin eae  with four small g e n e ra .  Within the  
S en ec ion ineae , the re  a re  two main "complexes", the  
"cacalioid", rep re sen ted  he re  by C a c a l ia  p la n ta g in e a . and  the 
"senecioid". S e n e c io  a la b e l lu s  rep re sen ts  a  radiate  exam ple  of 
the  "senecioid" complex, and  G ynu ra  s a r m e n to s a  a  discoid. No 
m em bers  of the  B lennosperm atineae  w ere  available.
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C a ca lia  p la n ta g in e a  (Raf.) Shinners.
"Indian plantain" co llec ted  along fenceline of p a s tu re  a t  
roadside  in T ang ipahoa  Parish, Louisiana.
O rganogenesis  sequence: Co, S, P, G
Sca le : Bars in Figures 1-8 = 50 pm
Bars in Figures 9-12 = 500 pm
This stout h e rb aceo u s  sp ec ie s  usually p roduces  abou t 20-30 
h e a d s  per plant, located terminally on the  upper b ran ch es  of 
the  main inflorescence axis. Each h e ad  conta ins from 4-6 
f lo w e r s .
At the  o n se t  of flowering, the  inflorescence apex  of this 
s p e c ie s  a p p e a rs  very like a  vegetative  apex ; it is ra ther 
orthogonal rather than  round in outline with a  roughly 2/5 
phyllotaxy of involucral b rac ts  (Fig. 1). The brac ts  may be  
d istinguished  from th e  flower primordia by their b road  
insertion (Fig. 2) and  their upcurved nature  which is a p p a ren t  
a lm ost imm ediately a fte r  their initiation. T he four to six 
flowers a re  initiated roughly centripetally (Fig. 2). T here  a re  
no peripheral or ray flowers p resen t in C a c a l ia  p l a n t a g i n e a : all 
f low ers a re  disciform.
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Figure 2 show s four recently initiated flower primordia, with 
th e  two older primordia located  relatively farther aw ay  from 
the  inflorescence apex  (at arrow head). The two inner flower 
primordia have  initiated after the  ou ter  primordia an d  their 
s ize  variation reflects their su c c e ss iv e  initiation. This s ize  
an d  s ta g e  differential p e rs is ts  until an thesis . O rg a n o g en e s is  
p ro ceed s  in a  roughly centripetal fashion in e a c h  head ; 
however, du e  to the expansion  of the  receptacle  and  the 
relatively small num ber of flowers p resen t  on e ac h  
in florescence head , the  centripetal pattern is all but obscured .
The flower primordia expand  into rounded peg s h a p e s  (Fig. 3) 
w ho se  ap ices  then flatten (Fig. 3, a t right). Four or five 
corolla lobe primordia a re  the  first recognizable  o rg an s  (C in 
Fig. 4) an d  they a p p e a r  sim ultaneously a t  the  "corners" of each  
of the  floral ap ices . Flowers on an individual inflorescence 
may be  all te tram erous, all pen tam erous, or a  mixture of the  
two types. Very soon  after, s ta m e n  primordia initiate 
alternipetalously (S in Fig. 5) a s  the  corolla lobe primordia 
begin to en large  and curve inward. Next to arise  is the  pappus, 
which is first evident a s  a  swelling below the  corolla lobes 
(Fig. 6, a rrow head  labelled P) and  will differentiates into 
num erous individual primordia sim ultaneously  (Fig. 7). At this 
s tag e , the corolla lobes have grown inward and  b ecom e  
a p p re s s e d  so  that the concave  apex  of the flower w here  the 
two carpe ls  a re  initiated is obscured . As the  corolla tube 
e lo n g a te s  by zonal growth below the  free corolla lobes, the 
lobes se e m  to lag behind the more accelera ted  elongation of 
the  s ta m e n s  and  carpels  (Figs. 8, 9, 10). As result, the  
s ta m e n s  an d  carpels  protrude from the  corolla (S in Figs. 9, 10, 
a rrow heads  labelled G) for a  period during mid-developm ent. 
Eventually, the corolla tube and  lobes catch up and  once  again 
concea l the  interior of the  flower (Fig. 11) until a n th es is  (Fig. 
1 2 ) .
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-Gvnura s a rm e n to sa  DC.
"Purple velvet plant", originally from the  W est Indies, ob ta ined  
from the  g re e n h o u se  collection a t  the  Missouri Botanical 
Garden.
O rganogenesis  sequence : Co, P, S, G
Sca le :  Bars in Figures 1-3 and  7-11 = 50 pm 
Bars in Figures 4-6 and  8 = 500 pm
The purple velvet plant, a  lax trailing succu len t herb, 
d isplays num erous h e a d s  when flowering. The h e ad s  a re  in 
terminal corymbiform sy n f lo rescen ces  with ab o u t 30 h e a d s  in 
e ac h  synflo rescence . About 30-40 disk flowers a re  p re sen t  on 
each  head; there  a re  no ray flowers.
In f lo re s c e n c e - T h e  b a re  inflorescence apex  (Fig. 1) is 
relatively broad  and  convex. Involucral b rac ts  initiate in 
helical o rder along very shallow paras tich ies  at the  e d g e s  of 
the  in florescence ap ex  an d  immediately begin to e longate .
Disk flower primordia ( there  a re  no rays in this sp ec ie s)  begin 
to initiate acropeta lly  along spiral pa ras t ich ies , distal to the  
m ost recently initiated involucral b rac ts  on the  head  (Fig. 2). 
As more flowers a re  p roduced (Fig. 3), the  recep tac le  of the 
inflo rescence  b ro ad e n s  an d  flattens so  that by mid-
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d ev e lopm en t the  inflo rescence  h a s  a lm ost lost its initial 
dom ed  aspec t .  The inflorescence apex  diminishes in d iam eter 
a s  m ore flowers a re  initiated. By an thes is ,  all involucral 
b rac ts  a p p e a r  to be  inserted on the  sa m e  level (that is, not 
imbricate) a lthough originally they a re  form ed sequentia lly  in 
shallow  paras tich ies  on different levels. O rg an o g en es is  begins 
first in the  peripheral flower primordia (Figs. 4, 5) and  is 
acropeta l on the  head , following the  order of initiation. After 
o rg an o g en es is  (Fig. 6) all flowers a p p e a r  to have  equallized in 
developm ental s ta g e  and  a re  synchronous.
F lo w e r -A f te r  initiation (Fig. 2, 3), flower primordia ex p an d  
into the  typical A s te raceo u s  peg sh a p e  (Fig. 7) which flattens 
and then exhibits an apical depress ion . Around this depress ion  
the  five corolla lobe primordia form sim ultaneously  (Fig. 8, 
arrow head) and  expand, the median lobe is abaxial. Shortly 
thereafte r  the  corolla tube  s ta r ts  to lengthen (Figs. 9, 10) by 
zonal growth. Very soon  after the expansion  of the  corolla 
lobes, the  pap p u s  is initiated, girdling the  flower midway a s  
an undifferentiated primordial zone  (Fig. 8, a rrow head  labelled 
P). The s ta m e n s  a re  initiated more or less sim ultaneously and  
a lte rna te  with the  corolla lobes (Figs. 9, 10, a rrow heads  
labelled S) (a slight d ifference in size of early s ta g e s  of 
s tam en  primordia is noticeable  but unequivocal ev idence  of 
spiral initiation w as  not obtained). Concurrently  with s tam en  
initiation, particular z o n e s  of the  p a p p u s  ring m eristem  begin 
to differentiate into the  individual p a p p u s  m em bers , generally  
starting with th o se  regions that a re  not closely abu tted  to a  
neighboring flower. Two carpe ls  a re  initiated (G in Fig. 11) 
after the  corolla lobes have  incurved to conceal th e  interior of 
the  flower. The two a re  always a rran ged  medianly (ie., both 
lie on the sa m e  radius of the inflorescence). Shortly before 
a n th es is  (Fig. 12), the  p a p p u s  m em bers  have e longated  greatly, 
a s  well a s  the  corolla tube  and  the style.
Gynura sarm entosa
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S e n e c io  a la b e l lu s  Poiret
"Yellowtop" or "Butterweed", collected from the  field in E as t  
Baton Rouge Parish, Louisiana.
O rganogenesis  sequence: Disks-Co, P, S, G Rays-Co, P, S, G
Sca le :  Bars in Figures 1-5, 7-11 and  13-17 = 50 pm 
Bars in Figures 6, 12 and  18 = 500 pm
In this h e rb aceo u s  sp ec ie s ,  the  main inflorescence axis 
a r ises  from a  basal rose tte  of leaves  and  is unbranched  for the  
bottom 2/3 of its length. T here  a re  severa l o rders  of 
branching, and  each  branch is term inated by an inflorescence. 
The grouping of the  num erous (50+) inflo rescences is roughly 
corymbiform. On each  head , there  a re  abou t 100 disk flowers, 
and  12-18 ray flowers a rran g ed  in a  single se ries .
I n f lo r e s c e n c e -Ind iv idual in flo rescences  a rise  on the  main 
inflo rescence  axis (Fig. 1) in the  axils of inflo rescence  bracts . 
As eac h  inflorescence ap ex  en la rges , it begins to produce  
involucral b rac ts  along shallow p a ras tich ies  (Fig. 2). It is late 
broadening  of the  recep tac le  tha t brings abou t the  un iseria te  
a p p e a ra n c e  of the  involucral b rac ts  at, or shortly before, 
an th es is .  Disk flowers a re  the  first to begin floral initiation
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(Fig. 2, a rro w h ead s  labelled D), arising acropetally  in shallow 
spirals and  in helical order, leaving a  roughly triangular sp a c e  
uncommitted at the  b a s e  of each  parastichy (Fig. 2, arrow head  
labelled R). T h ese  s p a c e s  a re  soon filled by formation of ray 
flower primordia (Fig. 3, a rrow heads  labelled R), w h o se  
developm ent will con tinue  to lag behind that of the  disk 
flowers until mid to late developm ent. The acropeta l s e q u e n c e  
of o rg an o g e n es is  on th e  inflorescence is initiated by the  
o u te rm ost  disk flowers (Fig. 4) followed shortly th e re a f te r  by 
the  ray flowers (Fig. 5, arrow head  labelled R). In figure 6 
(arrow head labelled R), the te tram erous rays a re  only 
beginning to catch  up in size  to the pen tam erou s  disk flowers.
Disk f lo w e r- T h e  disk flowers, which start out a s  rounded  
primordia (Fig. 3), flatten apically and  each  deve lops  a  corolla 
ring m eristem , while th e  apex  of th e  flower primordium 
b e c o m e s  d e p re s s e d  (Fig. 7). Shortly thereafter, five corolla 
lobes  differentiate sim ultaneously  (Fig. 8, flower on left) with 
the  m edian lobe located more or less  adaxially (unlike the 
prevailing pattern  in A s te ra c e a e  in which the  disk flowers 
have  the  median corolla lobe located abaxially). The p ap p u s  is 
next to ap p ea r ,  arising a s  a  ridge encircling the  flower (Figs.
8 , 9, flowers with a rrow heads  labelled P) upon which the 
individual p ap p u s  m em bers  will a p p e a r  (Fig. 10). Concurrently, 
the  corolla lobes have begun to arch inward and  the tube  has  
s ta r ted  to e longate . S tam en  primordia a re  next to initiate (S 
in Fig. 9) and  do so  sim ultaneously and  alternipetalously. As 
the  flower ex p an d s  (Fig. 10) the individual p a p p u s  m em b ers  
begin to differentiate in five z o n es  opposite  the  s ta m e n s .  
Additional p a p p u s  m em b ers  fill in the  g a p s  from both 
directions a s  developm ent p ro g re s se s  (Fig. 11). The two 
m edian ca rpe ls  a re  the last o rgans  to arise  (Fig. 11, 
a rro w h ea d s  labelled G) shortly after the  differentiation of 
p ap p u s  m em bers . At a n th es is  (Fig. 12) the  perfect, fertile disk
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flower h a s  num erous bristle-like pap p u s  m em bers  (som e have 
been  removed) and  a  longitudinally ridged a ch en e .
R av  f low er--The here to fo re  uncom m itted  tr iangular zo ne  
(Fig. 2, arrow head  labelled R) at the  b a s e  of each  parastichy on 
the  h e ad  p ro d u ce s  initially triangular ray flower primordia 
(Fig. 13, a rrow heads). T h e se  becom e consistently  te tram ero us  
(Fig. 14), although the  abso lu te  s h a p e  varies so m ew hat a t  this 
s ta g e  apparen tly  d ue  to s p a c e  limitation (Figs. 4, 5, 
a rro w h ead s  labelled R). A corolla ring m eristem  is first to 
develop  (RM in Fig. 14) and  eventually differentiates into four 
more or less equal corolla lobes (C in Fig. 15). As in the  disk 
flower, the  p ap p u s  ring m eristem , located below and  encircling 
the  corolla, next b e co m es  evident (Fig. 16, arrow head  labelled 
P). Evident only for a  brief period during developm ent, four 
a lte rn ipe ta lou s  s ta m e n  primordia a re  initiated s im u ltaneou s ly  
(S in Fig. 16). As the  lateral and  abaxial corolla lobes expand  
by intercalary or zonal growth, the  s ta m e n s  a re  aborted , 
resorbed, and  a re  no longer evident (Fig. 17). At about the 
s a m e  time, two carpel primordia a re  initiated (G in Fig. 17), 
oriented on the  median plane of the  flower (or radially on the 
head). The carpel ap ices  e longate  and  form the  paired 
stigmatic b ran c h es  s e e n  a t  an thes is  in Figure 18 (St).
67. S en ec io  glabellus
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Tribe: A rc to teae
Four subtribes a re  p roposed  for the  Arctoteae by Norlindh 
(1977a). The majority of the sp e c ie s  in this tribe a re  in the  
two larger subtribes , the  Arctotinae an d  the  Gorteriinae. Two 
subtribes, the  Gundeliinae and  the  E rem otham ninae, a re  
monotypic. Robinson and  Brettell (1973) give the 
E rem o th am n eae  tribal s ta tu s ,  while Leins (1970) p ro p o se s  
subtribal s ta tu s  in the  A rctoteae, the  trea tm en t later ad op ted  
by Norlindh (1977a). The Gundeliinae a re  typified by the 
aggregation of the h e ad s  into h e ad s  of a  secon d  order 
(Norlindh, 1977a), a lso  te rm ed  an "incapitu lescence" (Petit, 
1988). In an e legan t developm ental study of the 
in flo rescences , floral g roups, flowers, an d  fruit co m p lex es  of 
G u n d e l ia  to u rn efo r t i i . C lassen-Bockhoff et. al. (1989) have  
dem o n s tra ted  that the  aggregation  in G.. tournefortii  is of a  
tertia ry  n a tu re .
As the  A rc to teae  a re  primarily African in distribution, living 
plants w ere  difficult to procure. Luckily, so m e  A rcto teae  a re  
of horticultural im portance  and  p rese rv ed  m aterial w as  
collected from cultivated sp ec ie s .  V en id ium  f a s t u o s o m . grown 
from se e d ,  rep re sen ts  the  subtribe Arctotinae, and  G a z a n ia  
r ip e n s  the  subtribe Gorteriinae. Material w as  not available 
from either of the  monotypic subtribes , but com parisons  an d  
conclusions will be  drawn from the  more than a d e q u a te  study 
by C lassen-B ockhoff (1989).
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G a z a n ia  r igens Sims.
"Gousblom" or "Gazania", grown from commercially supplied  
s e e d  in g ree n h o u se ,  originally from SW  Africa.
O rganogenesis  sequence : Disks-Co, S, G, P Rays-Co
Sca le :  Bars in Figures 1-2, 7-12 and  14-20 = 50 pm 
Bars in Figures 3-6 and  13 = 500 pm
This perrenial rosette  plant se n d s  up one  or two s c a p e s  a t  a  
time from the  leaf axils. Each s c a p e  is unbranched, lacks 
leav es  and  is term inated  by the  single show y inflorescence. 
H ead size  (num ber of flowers) is variable, a t  leas t  in the  
cultivated sp ec im en s . In the  plants ob ta ined  for the  current 
study, the  h e a d s  w ere  usually m ade  up of 90-180 central disk 
flowers and  15-30 ray flowers of brilliant color and  a rran g ed  
in a  single series.
l n f lo r e s c e n c e --The inflo rescence  ap ex  is high-dom ed prior to 
flower initiation in this sp e c ie s  (Fig. 1). The first flowers to 
initiate a re  the  disk flowers (D in Fig. 2) leaving an 
uncom m itted m eristem atic  region a t  the  b a s e  of e ac h  
parastichy (Fig 2, a rro w h ead s  labelled R) w here  th e  ray flower 
primordia will form w hen  approxim ately half of th e  total disk 
flowers have  b een  initiated. In Figure 3, all disk and  ray
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flower primordia have  b e en  initiated, o rg an o g e n es is  h a s  begun  
in them, and is proceeding acropetally on the  head . The ray 
flowers a re  som ew hat su p p re s s e d  in s ize  com pared  to the  disk 
flowers (Fig. 3, a rrow heads). At this s ta g e  zonal growth 
c a u s e s  the  involucral b rac ts  to b eco m e  basally  united to form 
a  cylinder en co m p ass in g  the  developing in florescence (Z in 
Figs. 3-6), a  charac teris tic  of this subtribe. At the  s a m e  time, 
the  recep tac le  lo ses  its do m ed  sh a p e ,  a n d  b e c o m e s  a lm ost flat, 
and  expanding before a n th es is  (Figs. 5, 6).
Disk f lo w er-R o u n d e d  disk flower primordia (Fig. 7) a r ise  on 
the  lower flanks of the  d o m e-sh ap e d  inflorescence apex , and  
soon  ex p an d  into cylindrical p lug-stage  primordia (Fig. 8, 
a rrow head); rapidly, without an  intervening ring m eristem  
s tag e , five corolla lobes a p p e a r  (Fig. 8, flowers labelled C). 
S ta m e n s  a re  initiated soon  thereafte r  (Fig. 9) or a lm ost 
s im ultaneously. The upper flower in Figure 9 sho w s the  
beginning of s ta m e n  initiation, with on e  s ta m e n  p re se n t  
(arrow head), while the  lower flower h a s  com pleted  s ta m e n  
initiation. The corolla tube (CT in Fig. 10) e longates , and  the  
corolla lobes arch inward to cover th e  interior of the  flower. 
After so m e  elongation of the  s tam en  primordia (Fig. 11, S), 
two carpels  a re  initiated, (G in Fig. 11). The p a p p u s  is the  last
organ se t  to a p p e a r  (P in Fig. 12), arising a s  individual
m em b ers  relatively late, a s  tr ichom es b e c o m e  differentiated  
on the  su rface  of the  corolla (Fig. 12, arrow heads). At 
an th es is  (Fig. 13) the  corolla lobes a re  loosely held tog e th er  by
trichom es located on the  ap ices  of the  lobes.
R a v  f lo w e r - T h e  ray flower primordium is initiated in a  
triangular a r e a  on the  recep tac le  an d  re ta ins  its triangular 
sh a p e  (R in Figs. 1, 2) until the  corolla a rises . The corolla 
b e co m es  recognizable  a s  two a rcu a te  m ounds, with g a p s
6 9 . Gazania rigens
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adaxially and  abaxially (Fig. 16). Zonal growth of the  corolla 
below the level of the  g a p s  p roduces a  short corolla tube  (CT) 
with a  larger slit adaxially than  abaxially (CT in Fig. 17, polar 
view of flower). The d isse c te d  ray flower s e e n  in transection  
in Figure 18 d e m o n s tra te s  the  total su pp ress io n  in further 
o rg anog en es is --n o  vestigial o rg an s  such  a s  stam inodis a re  
initiated, and  the  flower is sterile  a t  maturity. At mid­
developm ent the two slits may still b e  s e e n  (Fig. 19); and  a t 
an th e s is  (Fig. 20) the  abaxial slit is evident be tw een  the  two 
apical tee th , while the  corolla unfurls from the  adaxial slit.
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V.eitiriiu m  .f.a.sluasum s tap f .
"Monarch of the  Veld", grown from commercially supplied s e e d  
in g ree n h o u se ,  originally from SW  Africa, the  region known a s  
N am aqualand.
O rganogenesis  sequence: Disks-Co, S, G Rays-Co, S, G
S ca le :  Bar in Figure 11 = 5  pm
Bars in Figures 4-8, 10 and  13-18 = 50 pm 
Bars in Figures 1-3, 9, 12 and  19 = 500 pm
V en id ium  f a s tu o s u m  is a  so m ew h at trailing wooly herb with 
m any inflorescences. H eads  a re  terminal on the num erous side  
shoots. Each head  conta ins ca . 200 disk flowers and  abou t 40 
ray flowers.
I n f l o r e s c e n c e - D u e  to cultivation difficulties, co m p le te  
developm ental s e q u e n c e s  w ere  not obtained. The earliest 
s tag e  obtained may be se e n  in Figure 1. The rounded disk 
flower primordia (D) a re  initiating acropeta lly  tow ard s  the  
ap ex  of the  inflo rescence  m eristem  which is curiously 
concave. Ray flower primordia may be  distinguished by their 
slightly m ore irregular s h a p e  (Fig. 1, a rrow heads). 
Unfortunately, it is not poss ib le  to asce r ta in  which floral type
71. Venidium fastuosum
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w as initiated first in Figure 1, but Figure 2 show s th a t  the  ray 
flowers (R) lag behind in developm ent. The inflorescence no 
longer h a s  a  concave  ap ex  by the time all the  disk flowers a re  
p re se n t  (Fig. 2); it b ro ad e n s  considerably  after all 
o rg an o g e n es is  is com pleted  (Fig. 3).
D isk  f lo w e r - D is k  flower primordia a re  initiated a s  rou nded  
p ro tu b e ra n ce s ,  acropeta lly  a long oderly p a ra s t ich ie s  (Fig. 4, 
a rrow s labelled D). An apical corolla ring m eristem  is not 
formed in this sp ec ie s .  The five corolla lobes (Fig. 5, flower 
on right labelled C) a rise  directly from the  plug s ta g e  (Fig. 5, 
flower to the  left with arrow head). The s ta m e n s  a re  the  next 
se t  of o rg an s  to a p p e a r  (Fig. 6, a rrow heads) after the  corolla 
lobes have exp an ded  som ew hat. S tam en s  a p p e a r  to be  initiated 
sim ultaneously. W hen th e  length of the corolla tube  (CT in Fig. 
7) is abou t equal to the  length of the  individual corolla lobes, 
the two ca rpe ls  a re  initiated (G in Fig. 8). (Figure 7 and  Figure 
8 show  different ang les  of flowers of the  s a m e  age). No 
p a p p u s  is initiated in this sp ec ie s ,  although o ther  sp e c ie s  in 
the g e n u s  do display various p app us  forms. Figure 9 and  Figure 
12 depic t the  m ature  disk flower a t a n th e s is  (a c h e n e s  have  
been  de tached). Clearly se e n  is the  unusual structure of the  
disk style (Figs. 12, 13), characteris tic  of this tribe. The 
style is c o m p o sed  of two parts , the  lower filam entous portion 
which is g labrous (Fig. 13, arrow head  labelled L), and  the  
upper, w ider portion which is covered  with short  tr ichom es 
(Fig. 13, a rrow head labelled U). The trichom es se rve  a s  a  brush 
to pick up pollen (Figs. 10, 11) a s  the  style e lo n g a te s  p a s t  the  
inwardly dehiscing s ta m e n s  (S in Fig. 12), p resen ting  the  
pollen to pollinators by the  "brush m echanism " of Leins and  
Erbar (1990).
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R a v  f lo w e r --Rav flower primordia a re  difficult to distinguish 
from the  disk flower primordia but for their slightly angu la r  
outline (R in Fig. 14). The involucral b rac ts  may be  identified 
by their upturned, flattened sh a p e  with acu te  tips (I in Fig. 14). 
Four, or rarely five, s ta m e n  primordia a p p e a r  (Fig. 15, flower 
on left labelled S) after delimitation of an  irregularly sh a p e d  
corolla ring m eristem  (RM in Fig. 15). The s tam en  primordia 
continue to expand  a s  the  abaxial and  lateral portions of the  
ray flower corolla begin to e long a te  zonally (Fig. 15, flower on 
right). The two carpels  have  been  initiated and  have begun to 
expand  (Fig. 16, a rrow heads labelled G). The an ther portion of 
s tam en  primordia (A in Fig. 16) is delimited and  a  filament 
b e co m es  evident (Fig. 17, arrowhead). The s ta m e n s  a re  not 
aborted  and continue to e longate  during developm ent (Fig. 18), 
but never develop  to the  s ta g e  of m icrosporogenesis  an d  thus 
a re  evident only a s  small s tam inodia  in the  m ature  ray flower 
(Fig. 19, a rrow heads).
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Tribe: C ynareae
Following C assin i 's  (1817) conclusions, Dittrich (1977) 
divided the  C y nareae  into th ree  subtribes: the  E chinopeae, 
Carlineae, and  the  C a rdueae . The C ard u eae  a re  further 
subdivided into two lines, the  C arduinae  and  the  C en tau re inae . 
Leins and  G em m eke  (1979) studied  the  inflorescence and  floral 
developm ent in E ch in o p s  e x a l ta tu s  of the  Echinopeae, 
docum enting the  seco ndary  aggregation  of h e a d s  in the spec ie s ,  
later confirmed by Petit (1988). In my study, C e n t a u r e a  
m a c u lo s a  w as exam ined a s  an exam ple of the C en tau re inae  line 
in the C a rdu eae  subtribe. C a rd u u s  n u ta n s  w as  exam ined a s  an 
exam ple  of the C ardu ineae  line in the  C ardu eae . Finally, 
X e ran th em u m  an n u u m  w as exam ined a s  a  m em ber of the 
C arlinae  sub tribe .
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C a rd u u s  n u tan s  L.
"Musk or nodding thistle" collected  in a  fallow field in Bradley 
County, T en n e sse e .
O rganogenesis  sequence : Co, P, S, G
Sca le :  Bars in Figures: 1, and  7-14 = 50 pm 
Bars in Figures: 2-6 = 500 pm
This biennial thistle d isp lays a  tall, robust, very prickly main 
axis with side  b ranches  of only o n e  order. The main axis and  
e ac h  branch axis a re  term inated  by a  single inflorescence.
Each in flo rescence  c o n ta in s  from 120-180 actinom orphic  
flowers. T here  a re  no differentiated peripheral flowers (rays) 
in this sp e c ie s .
In f lo re s c e n c e - T h e  inflorescence ap ex  of C a r d u u s  n u ta n s  
prior to flower initiation is broad and  low-domed (Fig. 1). The 
h e a d s  a re  hom ogam ous, and  the  bisexual flowers a re  initiated 
in the  s tan d ard  fashion in the  family, beginning with the  
ou te rm ost an d  proceed ing  centripetally (Fig. 2). Floral 
initiation of additional flowers p ro c e e d s  until th e  
inflo rescence  ap ex  is covered  with primordia (Fig. 3, polar 
view of inflorescence). The progression  of o rg an o g e n es is  on 
th e  h e a d  is acropeta l,  following the  pa ttern  of floral
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initiation, beginning with the  ou te rm ost  flowers (Figs. 4, 5). 
At mid-development, the  num erous p ap p u s  m em bers  and  
recep tacu la r  outgrow ths o b sc u re  a lm ost entirely the  
individual flowers (Fig. 6 , half an inflorescence).
F l o w e r -A f te r  initiation, the  o ldest,  o u te rm o s t  flower 
primordia a re  directly su b te n d ed  by the  upperm ost involucral 
bract primordia (F, I in Fig. 7). Above the  level of the 
peripheral flower primordia, the  remaining primordia do  not 
have  subtending  involucral or recep tacu lar  b rac ts  (Fig. 7, 
upper right, Fig. 8 ). The primordia p a s s  through the  plug s tag e  
(Fig. 8 ), before  displaying the  formation of five corolla lobe 
primordia (C in Fig. 9) without an intervening corolla ring 
m eristem  s ta g e .  Appearing soon  after the  corolla lobe 
primordia and  alternating with them, the  p a p p u s  a r is e s  a s  
severa l individual primordia (P in Fig. 10). After initiation of 
five s ta m e n s  (Fig. 11, rem oved, but s c a rs  labelled S) two 
carpel primordia a re  initiated (G in Fig. 11, flower s a m e  a g e  a s  
in Fig. 12). In m id-developm ent the  terminal a p p e n d a g e s  of the 
s ta m e n s  can  be  se e n  (Fig. 13, arrow heads). The corolla tube 
will m ake up approxim ately half of the  length of the  corolla 
(Fig. 14, dividing line with the  tube, CT, below, and  the  free  
corolla lobes, C, above).
Carduus nutans
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C e n ta u re a  m ac u lo sa  L.
"Spotted K napw eed”, collected in an  open  field in Rockbridge 
County, Virginia.
O rganogenesis  sequence: Disk: Co, S, G, P Ray: Co
Sca le : Bars in Figures 1-5 and  8-22 = 50 pm 
Bars in Figures 6-7 = 500 pm
Spotted  knapw eed  is a  loosely branched  biennial with eac h  of 
the num erous b ranches  term inated by a  head . The h e a d s  are  
uniform with ab o u t 50 cen tra l actinom orphic  flowers, and  
abou t 15 peripheral flowers tha t  a re  zygomorphic.
I n f lo r e s c e n c e - l n  this sp e c ie s  and  g e n u s  (Dittrich, 1977), 
sterile  peripheral flowers with sp read in g  coro llas a re  
p roduced in the  sa m e  m anner a s  the true ray flowers found in 
the  subfamily A ste ro ideae . Before initiation of any floral 
primordia, the inflorescence apex  is highly d om ed  (Fig. 1 ). The 
b isexual disk flowers a re  th e  first floral primordia ev ident on 
the  su rface  of the  inflorescence meristem  (D in Fig. 2), leaving 
p a tc h e s  of uncom m itted m eristem atic  t is sue  a t the  b a s e  of 
each  parastichy (Fig. 2, a rrow heads). By the time all of the 
disk  flowers have  b e en  initiated, the  triangular ray flowers 
have  also  a p p ea re d  (Fig. 3, a rrow heads). After the  primordial
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plug s ta g e  (Fig. 3), o rg an o g en es is  begins a t  the periphery of 
the  h ead  (Fig. 4) and p roceeds  rapidly, ev idenced by the near 
synchronicity of s ta g e s  in Figures 4 through 6 . The ray 
flowers lag behind the  disk flowers in corolla formation to 
so m e  extent (D, R in Figs. 5, 6 ), but in late s ta g e s  of 
developm ent (R in Fig. 7) have  caught up to the  disk flowers (D) 
in size. R ecep tacu la r  outgrow ths a re  not evident until mid­
developm ent (Fig. 6 , a rrow heads), and  so  a re  not hom ologous to 
rec ep ta cu la r  b rac ts  (palea) in te rm s of initiation time.
D isk  f l o w e r - After ac ropeta l initiation of the  m ore or le s s  
rounded  disk flower primordia along shallow paras tich ies  (D in 
Fig. 8 ), disk flower primordia p a s s  through the plug s ta g e  
quickly to form the  five corolla lobes a lm ost sim ultaneously  
(C in Fig. 9). Five s tam en  primordia a re  initiated next, 
seem ingly  s im ultaneously  (Figs. 10, 11, s a m e  flower, 
a rrow heads) . After a  period of growth and  differentiation, the  
two carpel primordia (G in Fig. 12) can  be  distinguished, along 
with a  p ap p u s  ring m eristem  (Fig. 12, a rrow heads) a t  the  
sum m it of the  ovary. Individual pappus m em ber primordia do 
not a p p e a r  until the  style h a s  e longated , elevating the  carpel 
ap ices  (Fig. 13, p a p p u s  m em bers -a rrow h ead s , style-T, carpel 
ap ices-G ). In m id-developm ent, two se r ie s  of p a p p u s  m em bers  
can  be  se en  per flower (Fig. 14, arrow heads), and  corolla 
tr ichom es have  begun  to differentiate.
R a v  o r  p e r ip h e ra l  f lo w e r- R a y  flower a rise  a s  triangular 
primordia be tw een  the  disk  flower and  involucral b rac t 
primordia (R, D, I in Fig. 15). The ray primordia expand  (R in 
Fig. 16), and  then flatten apically (R in Fig. 17). Although the 
ray flower primordia retain their roughly triangular sh a p e ,  a  
full com p lem en t of five corolla lobe primordia is initiated 
(Fig. 18, flower on left with a rrow heads), but only th ree  of
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th e se ,  the  two laterals and  the  abaxial, will ex p an d  noticably 
(Fig. 18, flower on right, Fig. 19). No o ther o rg an s  a re  initiated 
(Fig. 19, flower on left) even  in m id-developm ent (Fig. 20, 
s a m e  a g e  a s  in Fig. 21). Though the  disk flowers a re  initiating 
p a p p u s  primordia (Fig. 22, a rrow head  labelled D), the  rays do 
not (Fig. 2 2 , a rrow heads labelled R).
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X eranthem um  annuu m  L.
"Everlasting", grown from commercially available s e e d  in the  
g ree n h o u se ,  native to the  M editerranean.
O rganogenesis  sequence: Disk: Co, S, P, G Ray: Co, G, (P)
Sca le :  Bars in Figures 1-2 and 7-24 = 50 jim 
Bars in Figures 3-6 and  25 = 500 pm
X e ra n th e m u m  a n n u u m  is a  trailing h e rbaceous  plant that may 
flower profusely. The h e a d s  a re  terminal and  a re  borne  singly 
on so m ew hat trailing s ide  b ranches . The size of the h e ad s  
varies , a t  leas t  in the  cultivar exam ined , with 16-65 bisexual 
actinom orphic  flowers a n d  9-20 sterile  peripheral flowers. 
While the  num ber of flowers per head  varies on a  single plant, 
in flo rescence  and  floral developm enta l e v e n ts  rem ained  
c o n s ta n t .
In f lo rescen ce :  X e ra n th e m u m  a n n u u m  also  displays peripheral 
flowers, but they a re  m ore filamentous in nature  an d  not a s  
spreading  a s  in C e n ta u r e a  m acmJos a - The bare  inflorescence 
m eristem  in this sp e c ie s  is m oderately d om ed  (Fig. 1), and  the 
disk flower primordia a re  all su b te n d ed  by bracts  that a r ise  a s  
a  com m on m eristem  of disk flower primordium and  bract 
primordium (D, B in Fig. 2). The bracts that sub tend  the
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outerm ost rows of disk flowers may be  term ed  involucral 
b rac ts  (phyllaries), and  the  more acropeta l b rac ts  recep tacu lar  
b rac ts  (palea), but they a re  initiated in continuous su ccess io n  
and  at maturity there  is a  gradation in form. Thus, they a re  
hom ologous s truc tu res , differing only in p lacem en t on the  
head . The distinction of involucral v e rsu s  recep tacu lar  b rac ts  
d o e s  not apply here. Ray flower primordia a re  initiated in the  
remaining m eristem atic  a r e a s  around  the  b a se  of the  
inflorescence (R in Fig. 2), a lso  with subtending  bracts  
(rem oved in Fig. 2). After all the  flower primordia have been  
produced  on the  inflorescence, o rg an o g en es is  beg ins with the 
ou term ost disk flowers (Fig. 3). The flower primordia rapidly 
outstrip their subtending  b rac ts  in s ize  (Fig. 3, a rrow head s  
labelled B), obscuring the  b rac ts  until late developm ent (Fig. 6 , 
a rro w h ead s  labelled B). The ray flowers lag in developm ent 
(Figs. 3-6, a rrow heads labelled R), a s  the  disk flowers undergo 
o rg an o g en es is  and  developm ent in acropetal order (Figs. 4, 6 ).
D isk  f lo w e r—After the  bifurction of the  d isk /b rac t com m on 
primordia (Fig. 2), the  upperm ost portion e n la rg es  into the  disk 
primordium proper (Fig. 7). Rapidly moving through the plug 
s tag e ,  the  disk flowers form five corolla lobes apically and  
sim ultaneously (C in Fig. 8 ). The five s ta m e n s  a re  then 
initiated next, sequentially  in an  irregular pa ttern  (Fig. 9, 
a rrow heads). The initiation event is quick enough so  tha t the  
s tam en  primordia a re  all of equal size (Figs. 10, 11). Soon 
after the  a p p e a ra n c e  of the  s tam en  primordia, th e  first 
ev idence of the pappus sc a le s  may be s e e n  on the flanks of the 
flower a s  low swellings which a re  not circumferential (Fig.
11, arrowhead). As the s ta m e n s  and the corolla lobes expand, 
the  individual p a p p u s  primordia may be  d istinguished (Figs. 1 2 , 
13 sa m e  a g e  flowers, a rrow heads). Shortly thereafter , two 
carpel primordia a re  initiated, often a t  an oblique ang le  to a  
radius of the head  rather than both lying on the radius (Fig. 4,
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arrow head, G in Fig. 14). During mid-development, the  apical 
s tam en  a p p e n d a g e s  (S in Fig. 6 ) and  the developing style often 
protrude from the  corolla lobes (Figs. 15, 16, 6 ). The acu te  
pap pus  lobes a re  visible in Figures 16 and  25.
R a v  o r  p e r ip h e r a l  f lo w er- -As the  early initiatory e v e n ts  for 
the  peripheral flowers in this sp e c ie s  a re , for all p u rp oses ,  
identical to ray flower initiation s e e n  in th e  A s te ro ideae , the  
peripheral flowers de sc r ib ed  here  a re  simply te rm ed  ray 
flowers. At the  b a s e  of e ac h  disk flower parastichy an 
uncom m itted m eristem atic  s p a c e  is su b te n d ed  by a  bract 
primordium (Fig. 17, a rrow heads) . A triangular ray flower 
primordium is initiated in th e s e  s p a c e s  (Fig. 18, arrow heads). 
The primordium e lo n g a te s  (Fig. 19), and  a  slightly co m p re sse d  
corolla ring m eristem  form s around  the  periphery of the 
primordium (Fig. 20) tha t will b ecom e the  corolla. O ne  (rarely 
two) s tam en  primordium/a is briefly in ev idence  (S in Fig. 21) 
usually in the  adaxial position, but is aborted  and  resorbed  
leaving no relictual structure  (Figs. 22, 23). Two carpel 
primordia a re  initiated a n d  a re  oriented perpendicularly  to the  
radial plane of the head  (G in Fig. 22). This perpendicular 
formation pers is ts ,  a s  s e e n  in the  orientation of the  cleft that 
form s the  two stigmatic b ran c h es  (Figs. 23-25). Portions of 
the  corolla en la rge  m ore than o thers , randomly forming lobes 
(Figs. 23-25) that do not e longate  a s  quickly a s  the  style and  
thus  never cover or protect the  interior of the  flower. A 
p a p p u s  is rarely p resen t  in the  ray flowers, but when 
e x p re s se d  is similar to tha t  of the  disk flowers (Fig. 24, 
a r ro w h ea d ) .
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Tribe: L ac tu ceae  (Cichorieae)
As sum m arized  by Tomb (1977), a  thoroughly satisfactory 
subtribal t rea tm e n t  of this family is not ye t  available.
S tebb ins  (1953) an d  Jeffrey (1966) have  p re sen te d  the  m ost 
recen t s c h e m e s  of tribal classification. T he  sp e c ie s  c h o sen  
for exam ination  a re  p re se n te d  below, along with their subtribe  
(S tebbins, 1953), group and  subgroup  (Jeffrey, 1966) 
d e s ig n a t io n s .
S pec.igs Subtribe Group Subgroup
Andrvala pinnatifida 
Cichorium intvbus  
M alacothrix saxati l is  
P vrrhopappus carolin ianus  
Tolpis barbata
Crepidinae Tolpis Iolp.is
Cichorinae Cichorium C iChQrjum
Stephanom eriinae Tolpis Stephanomeria
M icroserid inae Tolpis M icroser is
Cichorinae Tolpis Tolpis
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A n d ry a la  p in n a t if id a  Aiton
"Andryala", co llec ted  from the  University of California a t  
Berkeley Botanical G arden . This sp ec ie s  is native to the  
C anary  Islands.
O rganogenesis  sequence: Co, P, S, G
S ca le :  Bars in Figures 1, 2  and  7-12 = 50 pm 
Bars in Figures 3-6, 13 = 500 pm
A ndrva la  is a  stout m uch-branched  sem i-w oody perennial 
plant. The h e ad s  a re  all ligulate, and  occur in loose cym ose  
syn flo rescences  a t  e n d s  of the  b ranches . Eighty to 120 yellow 
ligulate flowers a re  p re sen t  on a  head .
I n f l o r e s c e n c e s - T h e  in flo rescence  m eristem  is ra th e r  low- 
dom ed  prior to floral initiation (Fig. 1). Occasionally, a  young 
in flo rescence  m eristem  b ifurca tes  unevenly  (Fig. 1, 
arrow head), to form two unequal inflo rescence  m eris tem s. 
Both enlarge  and  undergo normal developm ent. Flower 
primordia a re  first initiated on the  periphery of the  
inflo rescence  m eristem  (Fig. 2) an d  p roceed  centripetally (Fig. 
2) in paras tich ies , to fill the  in florescence m eristem  (Fig. 3, 
polar view). O rg an o g en es is  of the  floral primordia beg ins on 
the  periphery (Fig. 3, a rrow heads) , p roceeding  centripetally
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(Fig. 4). By mid-developm ent (Fig. 5), the  flowers have  becom e 
more or less equalized in size. Later (Fig. 6 , half an 
inflorescence), the  flowers have  b e co m e  totally equalized .
F lo w e r - T h e  flowers a re  initiated a s  low-dom ed primordia 
(Fig. 2) and  rapidly expand  to the plug s tage  (P in Fig. 7). The 
five corolla lobes a re  the  first o rg an s  to a p p e a r  (Fig. 8 ) and  a re  
initiated sequentially  (Fig. 8 , num bered  lobes) in an irregular 
helical pattern. The next organ to a p p e a r  is the  p ap p u s  in the 
form of a  ring meristem (Fig. 9 and  10, arrow head  labelled P) 
encircling the  flower below the  corolla. After the  a p p e a ra n c e  
of the p ap p u s  ring m eristem , the  s tam en  primordia begin 
initiation (Figs. 9 and  10, unlabelled a rrow heads) in an 
irregular helical s e q u en c e .  The corolla lobes expand  an d  the 
corolla tube begins to e longate  by zonal growth (C and  CT in 
Fig. 11) while the  individual pap p u s  m em ber primordia 
differentiate from the  p a p p u s  ring m eristem  (Fig. 11, 
a rrow heads labelled P). At abou t the sa m e  time, the  two 
carpel primordia a re  initiated (G in Fig. 12). At mid­
developm ent (Fig. 13), the  young a c h e n e  is relatively short and  
longitudinally ridged. The adaxial slit in the  corolla along 
which the  ligule unfurls is a lso  evident (Fig. 13, a rrow head).
8 3 . Andryala pinnatifida
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C icho rium  in tv b u s  Aiton
"Chicory", collected  from a  d is tu rbed  site  ou ts ide  of Lexington, 
V irg in ia .
O rganogenesis  sequence : Co, S, G, P
Sca le :  Bars in Figures 1-4, and  7-14 = 50 pm 
Bars in Figures 5, and  6 , = 500 pm
Chicory is a  w idesp read  w eedy  sp e c ie s  with blue ligulate 
heads . The plant is minimally b ranched, and  the h e a d s  are  
axillary a long the  axis. T here  a re  abo u t 10-18 ligulate 
flowers on each  head.
I n f lo r e s c e n c e - T h e  in f lo rescence  m eris tem  is h em ispherica l 
prior to floral initiation (Fig. 1); a s  deve lop m en t p ro ceed s , the  
recpa tac le  flattens so m e w h a t  (Figs. 2-6) an d  is only slightly 
convex just before a n th es is  (Fig. 6 ). Flower primordia a re  
initiated on the  periphery of the  in flo rescence  m eristem  (Fig. 
2 ) and  a re  more or le ss  round. Initiation p ro ceed s  acropetally  
and  u se s  up the inflorescence meristem. O rgano genes is  
p ro ce ed s  rapidly on the  head , sim ultaneously  for all flowers 
(Figs. 3-5). During early  differentiation (Fig. 5), the  corollas 
develop  num erous tr ichom es (arrow heads labelled T).
G landular trichom es a re  p resen t  on the  outer su rfaces  of the
Cichorium intybus
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involucral b rac ts  (unrem oved bracts  behind the  head , Fig. 6 , 
a rrow head  labelled GT)
F lo w e r --The flower primordia a re  initiated a s  low m ounds (F 
in Fig. 7). O rg anog en es is  begins quickly, without a  noticable 
plug s tag e  (Figs. 2 and  3) or ring meristem . The five corolla 
lobes a re  the  first o rgans  to initiate (C in Fig. 8 ) an d  a p p e a r  
sim ultaneously  without a  preceding ring corolla s tag e .  As the  
corolla lobes arch inward, the  s ta m e n s  a re  initiated m ore or 
less  sim ultaneously (S in Figs. 9 and  10). A low ridge below 
the  corolla tub e  encircling the  flower primordium b e c o m e s  
evident (Fig. 10, unlabelled a rrow heads). Two carpel primordia 
a re  initiated (G in Figs. 11 and  12). As the  corolla tube 
e longa tes  (CT in Fig. 13), num erous individual p ap p u s  m em ber 
primordia differentiate (Fig. 13, a rro w h ead s  labelled P) a t  the 
top e d g e  of the developing ach en e . T hese  develop slowly (older 
s tag e , Fig. 14, a rrow heads  labelled P) to form num erous small 
s c a le s  a r  maturity (not shown).
85 . Cichorium intybus
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Malacothrix saxa ti l is  (Nutt.) T. & G.
"Malacothrix" ob ta ined  from the  collection of the  University of 
California Botanical G a rd en s , a t  Berkeley. This sp e c ie s  is 
native to California an d  grow s in roadcuts and  on s e a  bluffs.
O rganogenesis  sequence:. Co, P/S, G
S ca le :  Bars in Figures 1-3, and  7-12 = 50 pm 
Bars in Figures 4-6 and  14 = 500 pm
M a lac o th r ix  s a x a t i l i s  is a  perennial with severa l s te m s  that 
a re  m oderately b ranched. The num erous h e a d s  a re  terminal. 
Approximately 90 ligulate flowers a re  p re sen t  on eac h  head .
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  of this s p e c ie s  is 
low-dom ed prior to floral initiation (Fig. 1). Flower primordia 
a re  initiated on the  periphery (Fig. 2) and  further floral 
initiation ta k e s  p lace  centripetally (Fig. 3). O rg a n o g en e s is  a s  
well b eg in s  with the  peripherally  loca ted  floral primordia (Fig. 
4) and  p ro ceed s  acropetally. In later s ta g e s  of developm ent 
(Figs. 5 and  6 ), the  flowers equalize  in size.
F lo w e r- -The floral primordia a re  initiated a s  low m ounds 
(Fig. 2 , a rrow heads), generally  with a  rounded outline. The
8 6 . Malacothrix saxatilis
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primordia p a s s  through the  plug s tag e  (PS in Fig. 7) rapidly. 
O rg a n o g en e s is  beg ins with the  formation of the  five corolla 
lobes in an irregular helical s e q u e n c e  (num bered  corolla lobes 
in Fig. 7). The p ap pus  primordia becom e evident next (Figs. 7 
and  8 , a rrow head s  labelled P) a s  five m ounds roughly a lternate  
with the  corolla lobes. Each of the  primordial s i tes  will 
differentiate into severa l individual p a p p u s  m em b ers  (Fig. 10, 
a rrow head  labelled P), eventually  filling in the  g a p s  (Figs. 1 2 - 
14, a rrow heads  labelled P). After the  a p p e a ra n c e  of the  initial 
p a p p u s  primordial bulges, the  s ta m e n s  a re  initiated (Figs. 8 
and  9, a rrow heads labelled S, and  num bered  s tam ens), in a  
sequential irregular order. The corolla lobes expand  and  arch 
inward (C in Fig. 10) before the  two carpel primordia a re  
initiated (Fig. 11, a rrow heads  labelled G). In later s t a g e s  of 
developm ent (Figs. 12-14), the  corolla e lo n g a te s  by zon a te  
growth (Z).
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P v rrh o p a p p u s  ca ro lin ianu s  (Walter) DC.
"False  dandelion", collected  from a  d isturbed  roadside  site in 
Baton Rouge, Louisiana.
O rganogenesis  sequence: Co, S, P, G
Sca le :  Bars in Figures 1 and 2 = 50 jim
Bars in Figures 3-6, and  7-13 = 500 jam
False  dandelion is an annual, tap-roo ted  sp e c ie s  with severa l 
s te m s  arising from the  b a s e  of the  plant. There  a re  3-5 h e ad s  
on an axis, with the  terminal h e ad  flowering first, a n d  the  
axillary h e a d s  flowering in basipeta l su ccess io n . T here  a re  
abou t 120  ligulate flowers per head .
I n f lo re s c e n c e - T h e  in florescence m eristem  has  a  low do m e  
(Fig. 1) prior to floral initiation. Flower initiation beg ins  at 
the  periphery (Fig. 2) and  p ro ceed s  acropetally (Fig. 3). While 
th e  last flower primordia a re  being initiated a t  th e  sum m it of 
the  inflorescence apex  (Fig. 3), o rg an o g en es is  beg ins in the 
ou term ost flowers (Fig. 3, a rrow heads)  with the  a p p e a ra n c e  of 
the corolla. O rg an ogenes is  p ro ceed s  acropetally on the  h ead  
(Fig. 4), and  the  flowers soon b eco m e  essentially  equalized  
(Fig. 5). During late s ta g e s  of developm ent, the involucral
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bracts  develop  prom inent vertical wings (W in Fig. 6) that 
p ro jec t upw ard.
F l o w e r -A f te r  initiation (Fig. 2), th e  flower primordia 
rapidly develop into a  plug s ta g e  (P in Fig. 7). Almost 
immediately, the  five corolla  lobes a re  rapidly initiated in an  
irregular helical pattern  (se e  num bered  corolla lobes in Fig. 7). 
After the  corolla lobes a re  p resen t, th e  five s ta m e n  corollas 
a re  initiated, a lso  in an  irregular helical s e q u e n c e  (Figs. 8-10, 
unlabelled a rrow heads) . After the  s ta m e n s  h ave  all initiated, 
the  p a p p u s  b eco m e  evident a s  a  low ridge encircling the  flower 
below the corolla (Fig. 10, arrow head  labelled P). N um erous 
individual p a p p u s  m em b er  primordia differentiate  (Fig. 11, 
a rro w h ead s  labelled P) from the  ridge. At the  s a m e  time, two 
carpel primordia a re  initiated (sa m e  flower, polar view, Fig.
1 2 , a rrow head s labelled G). In later developm ent, the  carpe ls  
have elongated more than the  s ta m e n s  (G and S  in Fig. 13, and 
an o th e r  s e r ie s  of p a p p u s  m em ber primordia have  differentiated 
(Fig. 13, a rro w h ead s  labelled P) below the  original ring of 
p r im o rd ia .
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iQ lpiS. feaihata (L.) Gaertn.
T o lp is . obtained  from the  collection of The Royal Botanical 
G a rd en s  at Kew, G reat Britain.
O rganogenesis  sequence: Co, S, G, P
Sca le :  Bars in Figures 1-5, and  8-15 = 50 jam 
Bars in Figures 6 and  7 = 500 jam
Tolpis is a  m oderately  b ranched  annual with num erous 
terminal head s . There  a re  abou t 100 ligulate flowers on eac h  
head.
In f lo re s c e n c e - T h e  in florescence m eristem  h as  a  low do m e  
(Fig. 1) prior to floral initiation. Flower initiation beg in s  a t  
the  periphery (Fig. 2) a n d  p ro ceed s  acropetally  (Fig. 3) to fill 
the  head . O rg ano genes is  begins in the  outerm ost flowers (Figs. 
3 and  4, arrow heads). O rgan og enesis  p ro ceed s  acropetally on 
the h ead  (Fig. 4), and  the  flowers soon  b ecom e more or less 
equalized  (Fig. 5) during mid-development. During late s ta g e s  
of dev e lopm en t, n u m ero u s  tr ichom es differentiate  th roughou t 
the  inflorescence (Fig. 6). In late s ta g es ,  the  corollas e longate  
and  the  head  b e co m es  flat-topped (Fig. 7).
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F lo w e r --The flower primordia a re  initated a s  low m ounds 
(Fig. 8, a rrow heads) and  rapidly develop into a  plug s ta g e  (P in 
Fig. 8). The five corolla lobes a re  rapidly initiated an  irregular 
helical pattern (se e  num bered  corolla lobes in Fig. 9). After 
the  corolla lobes a re  p resen t, the  five s tam en  corollas a re  
initiated, a lso  in an irregular helical s e q u e n c e  (Fig. 10, 
unlabelled a rrow heads) . Two carpel primordia a re  initiated 
(Fig. 11, a rrow head s  labelled G) after the  corolla h a s  e longa ted  
so m ew hat and  enclosed  the  rest of the flower (C in Fig. 12). 
Individual p ap p u s  primordia b ecom e evident along the  upper 
rim of the  a c h e n e  (Fig. 13, a rrow head s labelled P) after the  
carpels  and  s tam en s  have e longated  (G and  S in the sa m e  
flower, Fig. 14). At maturity, the  a c h e n e  is ridged and  pap p u s  
forms a  crown of bristles (P in Fig. 15).
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91. Tolpis barbata
Tribe: Mutisieae
C abrera  (1977) recogn izes  four sub tribes  for the  Mutisieae-- 
the  B arnadesiinae , G ochnatiinae, Mutisiinae, and  the  
N assauviinae . In the  p re sen t  study, the  following tax a  w ere  
exam ined  from two sub tribes: A co u rtia  ru n c in a ta .  Trixis 
c h ia p e n s i s . and X. inula (m em bers of the  N assauviinae).
M utisia  c o c c in e a  is a  m em ber of the  Mutisiinae. Chloroplast 
DNA ev idence  su g g e s ts  that the  Barnadesiinae, a  South 
American in distribution, a re  basa l to the  res t  of the  
A s te rac ea e  (Ja n se n  1990, and  re fe rences  therein). Living 
plants of B a r n a d e s ia  ca rv o p h v lla  w ere  obtained, but 
unfortunately have  not flowered yet under  cultivation.
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A courtia  ru n c in a ta  (D. Don) B. L. Turner
"Acourtia", collected roadside  in Bee County, Texas.
O rganogenesis  sequence: Co/P, S, G
Sca le : Bars in Figures 1,2 and 7-12 = 50 pm 
Bars in Figures 3-6 and  13 = 500 pm
A c o u rtia  r u n c in a ta  is a  perennial rose tte  th a t  p rod uces  two 
or th ree  h e ad s  per s c a p e  during the flowering se a so n . There 
a re  25-30 flowers on eac h  head.
I n f lo re s c e n c e - T h e  inflorescence m eristem  h as  a  low d om e  
(Fig. 1) prior to floral initiation. Flower initiation beg ins  at 
the  periphery (Fig. 2, a rrow heads labelled F) and  p ro ceed s  
acropetally  to fill the  head . The ou term ost floral primordia 
a r ise  in the  axils of the  upperm ost involucral b rac t primordia 
(Fig. 2, a rrow heads labelled B). O rganogenesis  p roceeds  
rapidly in acropetal success ion  on the  head  (Figs. 3-4), and  the  
flowers b e co m e  completely equalized  (Fig. 5) during mid­
developm ent. During late s ta g e s  of developm ent, the  head  is 
flat and  the num erous papp us  m em bers  e longate  (Fig. 6).
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F lo w e r -A f te r  their initiation (Fig. 2, a rro w h ead s  labelled F), 
the  flower primordia en la rge  into the  plug s ta g e  (Fig. 7). The 
corolla and  the  p ap p u s  a p p e a r  a t  abou t the sa m e  time a s  in the 
form of irregularly located  bu lges  (Fig. 8, a rrow head s  labelled 
C and P). The corolla lobes expand  and  individual pappus 
m em ber primordia differentiate from the  bulges (C in Fig. 9, 
a rro w head s  labelled P). The s ta m e n s  a re  sequentially  initiated 
(Fig. 10, arrow heads) on the  s ides  of the  co ncave  floral axis, in 
an irregular order. Additional pap p u s  m em bers  continue to 
differentiate below the  o lder o n e s  (Fig. 11-13, a rro w h ead s  
labelled P). At the  s a m e  time, the  two carpels  a re  initiated 
(Fig. 12, a rrow heads labelled G) on a  radial plane. Later in 
developm ent the  p appu s  all but o b scu res  the  corolla (Fig. 13).
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M utisia  c o c c in e a  St. Hil.
"Mutisia", co llec ted  from a  cultivated spec im en  ob ta ined  from 
the  University of Michigan Botanical G arden . This sp e c ie s  is 
native to the rain fo res ts  of Brazil in Minas G eraes ,  S ao  Paulo 
and  P a ra n a  s ta te s  (Cabrera, 1965).
O rganogenesis  sequence: Disks: Co, P, S, G Rays: Co, P, S, G
Sca le :  Bars in Figures 1, 7-20 = 50 pm
Bars in Figures 2-6 and  21 = 500 pm
M utis ia  c o c c in e a  is a  twining vine with num erous tendrils a t  
the  tips of the leaves. H eads  a re  axillary and  num erous. There  
a re  abou t 80 yellow disk flowers and  20 red ray flowers per 
head.
In f lo re s c e n c e - T h e  in florescence m eristem  h as  a  low do m e  
(Fig. 1) prior to floral initiation. Flower initiation beg in s  at 
the  periphery and  p ro ce ed s  acropetally  to fill the  head  (not 
shown). O rg an o g en es is  p ro ceed s  rapidly in acropeta l 
su ccess ion , starting a t  the  periphery (Fig. 2 and  3). The ray 
flower primordia a re  d e la y ed  only slightly in d ev e lopm en t 
(Figs. 3 and 4, a rrow heads labelled R) com pared  to the  
neighboring disk flower primordia. By a  later s ta g e  of 
developm ent (Figs. 5 and  6), all of the flowers on the  h ead  have
94. Mutisia coccinea
267
equalized in size and  the  rays (Fig. 6, a rrow heads labelled R) 
a re  practically indistinguishable  from th e  d isks.
Disk f l o w e r - The disk flower primordia rapidly expand  to the  
plug s ta g e  (P in Fig. 7) and  then form five corolla lobes in an 
irregular s e q u en c e  (num bered lobes in Figs. 7 and  8). The 
p ap pus  a p p e a rs  next a s  swellings below the  corolla and  
a lterna te  with the  corolla lobes (Figs. 9 and  10, a rrow head s 
labelled P). The s tam en  primordia initiate next (num bered  
s ta m e n s  in Fig. 9) in an irregular seq u en ce . The corolla lobes 
expand  and arch inward, and  num erous individual pappus 
m em bers  a re  differentiated from the earlier swelling (Figs. 11 
and  12, a rrow heads labelled P; s a m e  flowers). At the  sa m e  
time, two carpel primordia a re  initiated (Fig. 11, a rro w h ead s  
labelled G); they a re  oriented som ew hat randomly (ie. not on 
the  radial plane). Later, the  carpels  e longate  (Fig. 13, 
a rrow head  labelled G)
R a v  f lo w er- T h e  m eristem atic  a r e a s  on th e  in flo rescence  
that gives rise to ray flower primordia a re  triangular in 
outline (Fig. 14, arrow head). The ray flower primordia expand  
to the  plug s tag e  (P in Fig. 15) and  a re  slightly sm aller than 
the  neighboring disk flower primordia (D). The five corolla 
lobes arise in an irregular s e q u en c e  (Figs. 16 and  17, num bered  
lobes). Overlapping with the  corolla initiation, the  p a p p u s  is 
initiated a s  two lateral swellings below the  corolla (Fig. 17, 
a rrow heads  labelled P). The swellings eventually  encircle the  
flower completely (Figs. 18 and  19) and  individual p ap p u s  
primordia differentiate  (a r ro w h ead s  labelled P).
Concomitantly, the  corolla lobes have  ex p and ed  (Fig. 18) to 
o b scu re  the  interior of the  flower. Five s ta m e n  primordia 
initiate in rapid s e q u n c e  a lterna te  with the  corolla lobes (S in 
Fig. 19). Two carpel primordia a re  initiated (Fig. 20,
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arrow heads labelled G) a t  a  random angle. Later, the  ray 
flower is a lm ost identical to the  disk flower (D and  R in Fig. 
2 1 ); just before  an th es is ,  the  ray e lo n g a te s  greatly  (not 
show n).
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Trixis c h ia p e n s is  C. Anderson
"Trixis", collected  from a  s te e p  rocky roadcut in C h iapas, 
Mexico.
O rganogenesis  sequence: Co, P, S, G
Sca le : Bars in Figures 1-3, and  7-12 = 50 pm 
Bars in Figures 4-6 and  13 = 500 pm
Trixis c h ia p e n s i s  is a  tall, m oderately b ran ch ed  som ew hat 
woody perennial. The num erous h e ad s  a re  terminal and  a re  
co m p o sed  of bilabiate flowers only. T here  a re  usually abou t 
15 flowers on each  head.
I n f lo r e s c e n c e - T h e  in flo rescence  m eris tem  is hem ispherica l 
before  floral intiation ta k e s  p lace  (Fig. 1). Involucral b rac ts  
a re  p resen t  and  can  be distinguished by their upcurved ap ices  
(Figs. 1 and  2, a rrow heads labelled B). Flowers a re  initiated 
rapidly and  acropetally (Fig. 2, arrow head  labelled F), so m e  of 
them  in the  axils of the  involucral b rac t primordia. 
O rg an o g en es is  beg ins with the  peripheral flowers (Fig. 3, 
a rrow heads) and  rapidly p ro ceed s  in an  acropeta l direction. 
Soon, all the  flowers b eco m e  essentia lly  equalized  in s ta g e  
and  s ize  (Figs. 4-6) an d  the  recep tacu lar trichom es becom e  
evident (Fig. 4, arrow head labelled T). The num erous p appus
97. Trixis chiapensis
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m em bers  and  recep tacu la r  trichom es e lo nga te  during later 
s ta g e s  (Figs. 5 and  6).
F l o w e r -A f te r  floral initiation (Fig. 2) the  flower primordia 
en la rge  quickly, passing  through the  plug s ta g e  (P in Fig. 3), 
before corolla lobes a re  evident. The five corolla lobe 
primordia a rise  in an  irregular se q u e n c e  (Fig. 7, num bered  
lobes) an d  a re  immediately followed by the  initiation of the  
pap p u s  a s  a  low bulge encircling the  flower (Fig. 7, a rrow heads 
labelled P). Rapidly, the  corolla lobes and  the papp us  en large  
and  differentiate (C and P in Fig. 8), the  pap pus  forming 
num erous individual primordia (Fig. 8, a rrow heads). The 
s ta m e n s  initiate next (Figs. 9 and  10, arrow heads) in a  rapid 
su c c e ss iv e  se q u e n c e .  The first sign of carpel initiation is the 
a p p e a ra n c e  of a  groove (Fig. 11, arrow head) that s e p a ra te s  the 
two carpels . The carpels  e longate  and  becom e a p p re sse d  (Fig. 
12 , a rrow heads  labelled G) slightly later. The two adaxial 
corolla lobes e longate  to form the  two-toothed lip, an d  the 
lateral and  abaxial corolla lobes e lo nga te  to form the  th re e ­
toothed lobes. The s in u ses  betw een the  pair of abaxial lobes 
and  lateral lobes a re  the  d e e p e s t  (Fig. 13). At an thesis , the 
two stylar b ran ch es  (Fig. 13, a rrow head s labelled Sb) protrude 
from the  co n n a te  a n th e rs  (A), and  the  bilabiate corolla can  be 
seen .
274
98. Trixis chiapensis
275
Trixis in u la  C rantz
"Trixis", co llec ted  ro ad s id e  in Veracruz, Mexico.
O rganogenesis  sequence: Co, P, S, G
Sca le :  Bars in Figures 1-5, and  7-13 = 50 pm 
Bar in Figure 6 = 500 jam
Trixis inula  is a  tall, m oderately  b ranched  perennial. The 
num erous h e ad s  a re  terminal and  a re  co m p o sed  of bilabiate 
flowers only. T here  a re  usually abou t 9 flowers on each  head .
I n f lo r e s c e n c e - T h e  in flo rescence  m eris tem  is hem ispherica l 
before  floral intiation ta k e s  p lace  (Fig. 1). Involucral b rac ts  
a re  p resen t  and  c an  be  distinguished by their upcurved ap ices  
(Figs. 1, a rro w h ead s  labelled B). After initiation (not shown) 
the  flower primordia undergo  a  plug s ta g e  (Fig. 2). 
O rg an o g en es is  tak e s  p lace  more or less  sim ultaneously  on the  
head  (Figs. 3-5) and  all the  flowers a re  com pletely  equal in 
s ta g e  and  s ize  (Figs. 4-6). The recep tacu lar trichom es beco m e  
evident a s  they  protrude from the  c en te r  of the  recep tac le  
(Figs. 4  and  5, a rrow head  labelled T).
99. Trixis inula
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F lo w e r--Flower primordia rapidly p a s s  through the  plug s tag  
(F in Fig. 7), before corolla lobes a re  evident. The five corolla 
lobe primordia arise  in an  irregular se q u e n c e  (Fig. 8, num bered  
lobes) an d  a re  immediately followed by the  initiation of the  
pap p u s  a s  a  low bulge encircling the  flower (Fig. 9, a rrow heads 
labelled P). Rapidly, the  corolla lobes and  the  pappus enlarge  
and  differentiate (C and  P in Fig. 10), the  pap p u s  forming 
num erous individual primordia (Fig. 10, a rrow heads). The 
s ta m e n s  initiate next (Fig. 11, a rrow heads) in a  rapid 
se q u en c e .  The two carpel a re  initiated (Fig. 12, a rrow heads 
labelled G) with a  groove separa ting  them  (Fig. 12, a rrow heads  
labelled Gr) that s e p a ra te s  the two carpels . Later in 
developm ent, the num erous papp us  m em bers  e longate  and  
obscu re  the  corolla (Fig. 13).
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Tribe: V ernoniieae
At p resen t,  no sa tis fac to ry  com p reh en s iv e  t rea tm e n t  ex is ts  
a t  the  subtribal level for the  tribe (Jones , 1977). The tribe 
h as  two c e n te rs  of distribution, in the  New World an d  in 
tropical Africa (Jones , 1977, and  re fe ren ces  therein). Of the  
roughly 1500 sp e c ie s  in this tribe , abou t 1000 belong to the  
g e n u s  V e rn o n ia : V e rn o n ia  baldwinii w a s  ch o sen  a s  a  subject 
for the  p resen t  study. )L- baldwinii rep re se n ts  the  New World 
line, and  the  o ther sp e c ie s  c h o sen  for exam ination, E r la n g e a  
ro g e r s i i . is of African origin. All sp e c ie s  of this tribe have  
discoid h ead s ;  no ray or o ther peripheral flowers a re  found on 
the  heads .
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Erlangea iQflarsii S. Moore
"Erlangea", co llected  from the  University of California at 
Berkeley Botanical G arden . S e e d  w as  originally obtained  from 
Kirstenbosch Botanical G arden  in South  Africa.
O rganogenesis  seq uence : Co, S/P, G
Sca le : Bars in Figures 1-6, and  8-14 = 50 pm 
Bars in Figures 7 and  15 = 500 pm
E r la n g e a  rog ers ii  is a  tall (2-3 m) minimally b ranched  
perennial. There  a re  roughly 10-20 discoid h e a d s  on an 
individual plant; the  h e a d s  a re  a rranged  in terminal b ranched  
corymbs on the main and  secondary  axes. Each head  is 
c o m p o sed  of roughly 35  actinom orphic disk flowers.
I n f l o r e s c e n c e - Prior to floral initiation, the  in flo rescence  
m eristem  is hem ispheric  (Fig. 1) and  sub tended  by 
inflorescence bracts  (I). The hem ispheric  s h a p e  is ev iden t in 
the  early  s ta g e s  of in flo rescence  differentiation, a s  the  
flower primordia begin to initiate acropetally  (Fig. 2), and  
after all flower primordia a re  p resen t  (D in Fig. 3). The 
recep tac le  flattens a s  d eve lo pm en t an d  differentiation p ro ceed  
(Figs. 4-7). O rg an o g en es is  begins with the  ou term ost and  
o ldest flower primordia (Fig. 4) and  rapidly p ro ce ed s  in an
101. Erlangea rogersii
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acropetal direction on the  head. After o rg an o g en es is  h a s  begun 
(Fig. 4), all the  flower primordia rapidly beco m e  nearly 
synchronized in s ta g e  of developm ent (Fig. 5-7). By mid­
developm ent (Fig. 7), while the  flowers expand  and  trichom es 
(a rrow heads  labelled T) differentiate, the  recep tac le  is a lm ost  
en tire ly  flat.
F lo w e r - T h e  flower primordia a re  initiated a s  low 
p ro tu b e ran ces  on the  m eristem atic  su rface  of the  
inflorescence (Fig. 2) and  then  expand  into rounded plug s h a p e s  
(Fig. 8, arrow head). It a p p e a rs  that the  five corolla lobe 
primordia a r ise  se p a ra te ly  on the  flanks of the  floral 
primordium. No corolla ring meristem w a s  s e e n .  The 
individual lobes a p p e a r  in quick su ccess io n , not sim ultaneously  
(Figs. 8, 9, num bered  corolla lobe primordia). Asterisks 
indicate positions tha t have  not yet been  filled with a  corolla 
lobe. The corolla lobes expand  (Figs. 10, 11, num bered  corolla 
lobes), initially retaining a  s ize  differential th a t  ind ica tes  
their o rder of initiation. Initiatiation of the  corolla  lobes is 
not strictly helical; it a p p e a rs  to be m ore irregular, similar to 
the  non-helical s e q u e n c e  of sepa l initiation reported  for 
severa l sp e c ie s  of the  C am panu laceae-L obe liaceae  (Erbar and  
Leins, 1989). As the corolla lobes a re  expanding, the  s tam en  
primordia a re  also  being initiated in rapid su c ce ss io n  (Fig. 11, 
a rrow heads). At the  s a m e  time, protrusions a rise  on the  s id e s  
of the  developing flower, the  first ev idence  of p a p p u s  
primordia. The first p a p p u s  primordia to a p p e a r  a re  located 
m ore or less  a lterna te  with the  expanding corolla lobes (Fig.
12, arrow heads). More p ap pus  m em bers  a re  initiated a s  the  
flower differentiates (Figs. 14, 15, a rrow heads)  to p roduce  a  
ring of bristle-like p a p p u s  m em b ers  a t  maturity. T he  two 
carpels  a re  the  last o rg an s  to a p p e a r  (G in Fig. 13), after the  
corolla tube  h a s  e longated  substantially (CT in Fig. 14). Later 
in developm ent the  flowers becom e  incurved distally (Fig. 15)
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du e  to the  combination of crowding and  p ressu re  of the  
involucral bracts. At a n th e s is  (not shown) the  corollas expand  
with no no ticeab le  distortion from the  crowding.
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V e rn o n ia  baldw inii Torr.
"Ironweed", collected on roadside  along a  lim estone ridge in 
Franklin County, Missouri.
O rganogenesis  sequence: Co, P, S, G
Sca le : Bars in Figures 1-4 and  7-13 = 50 pm 
Bars in Figures 5-6 = 500 jim
Ironweed is an attractive perennial herb  m ost comm only s e e n  
growing on the roadside, or in other d isturbed sites. The main 
axis is usually unb ranch ed  below the  terminal flat-topped 
corymbiform cym e. T here  a re  num erous (200+) discoid h e a d s  
in e a c h  synflo rescence , e a c h  with 25-35 purple flowers.
I n f lo re s c e n c e -U n like  E r l a n a e a . the  in flo rescence  m eristem  
of V.. b a ld w in ii  is a lm ost flat (Fig. 1) prior to flower initiation. 
Flower primordia first a r ise  on the  periphery an d  then  continue  
initiation centripetally (D in Fig. 2). Flower primordia m ay be  
d istinguished  from involucral b rac t primordia by s h a p e :  flower 
primordia a re  rounded , while involucral b rac t primordia 
rapidly becom e  incurved and  apically acu te . By the  time all of 
the  flower primordia a re  p re sen t  on the  head , the  recep tac le  is 
entirely flattened (Fig. 3). O rg an o g en es is  in the  flowers 
beg ins  with th o se  flowers located peripherally and  p ro ce ed s
A
-
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centripetally and  rapidly on the  head  (Fig. 3). All of the 
flowers becom e more or le ss  synchronized (Fig. 4). By the 
time o rg an o g e n es is  is com plete , the  flowers in the  cen te r  of 
the  h ead  a re  indistinguishable in size  and  developm ental s ta g e  
from the  peripherally positioned flowers (Fig. 5). During mid- 
developm enta l s ta g e s ,  th e  m any bristle-like p a p p u s  m em bers  
e longate  (Fig. 6 ).
F lo w e r -F lo w e r  primordia a re  first ev iden t a s  low m ounds 
(Fig. 2). They rapidly en large  to the plug s ta g e  of developm ent 
(Fig. 7, primordium labelled PS). This s tag e  d o e s  not persist 
unchang ed  for long; the  five corolla lobe primordia a re  
initiated around  the  upper e d g e s  of the  flower primordium.
The corolla lobe primordia a p p ea r  in rapid success io n , (Fig. 7, 
flower primordia with num b ered  corolla lobes), without a  
preceding ring m eristem  s tag e .  It is difficult to a sce r ta in  the  
s e q u e n c e  of initiation for the  corolla lobes. S om e  flowers 
a p p e a r  to a d h e re  to a  helical plan, while o thers  show  irregular 
order. Alternate to and  just below the  corolla lobe primordia, 
the  first p ap pus  primordia b ecom e  evident a s  five bum pules 
(Fig. 8 , arrow heads). S ta m e n s  a re  the  next o rgans to be  
initiated (S in Fig. 9, one  partially rem oved) after the  corolla 
lobes have expanded  an d  curved inwards (Fig. 10, s a m e  flower 
and  o thers of sa m e  size). More pappus primordia have also 
been  initiated (Fig. 10, a rrow heads)  be tw een  the  five original 
sites. As the  pappus m em bers  and  the  s tam en  primordia 
e longate  (P, S  in Fig. 11), two carpels  a re  initiated (G in Fig. 
12, s a m e  flower) on the  radial plane of the  head. Although the 
abaxial carpel primordium a p p e a rs  larger than  the  adaxial 
carpel and  o ve ra rch es  it, the  ca rpe ls  becom e equalized  (Fig.
1 2 , a rrow head  labelled G) by m id-developm ent when the  style 
begins to e longate  (Figs. 12 and 13, arrow head  labelled St).
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Outgroup Taxa
Several families have  b e en  proposed  a s  the  s is te r  group to 
the  A s te ra c e a e  (Cronquist 1955, 1977; Bremer, 1987 and  
re fe rences  therein). Of th e  many groups su g g e s te d  in the  
literature, ta x a  from th re e  families w ere  c h o se n  for 
investigation in the  cu rren t study: L obeliaceae, G o o d e n iac ea e ,  
and  C a lyceraceae . All flowers in the  th ree  families a re  
basically p en tam erou s , sym peta lous , and  ep igynous.
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£alycera herbacea Cav.
"Calycera", collected from a  disturbed, flooded a re a  in Region 
del Maule, Provincia Talca, Chile
O rganogenesis  seq uence : Co/P, S, G
Sca le :  Bars in Figures 2, 3, 5 and  8  = 50 pm 
Bars in Figures 1, 4, 6 , and  7 = 500 jam
C a lv c e ra  h e r b a c e a  is a  low trailing perennial with num erous 
spherical h e a d s  arising on short ped u n c les  from the  axils of 
the  leaves .
A com plete  ontogeny w a s  not obtained for this sp ec ie s .  The 
inflorescence s e e m s  to be  of a  co n d en sed  nature (Figs. 1 and 
4), much like the  inflorescence described  for the  A s te ra c e a e  
sp e c ie s  G u n d e l ia  tournfortii by C lassen-Bockhoff e t  al (1989). 
T he earliest floral s ta g e  available w as  of the  corolla lobe 
initiation on the  floral primordium (Figs. 2 an d  3). T he  corolla 
lobes a re  initiated in a  2/5 spiral s e q u e n c e  (num bered  lobes in 
Figs. 2 and  3). The se p a ls  a re  initiated a t  the s a m e  time a s  the  
corolla lobes (Fig. 3, a rro w h eads labelled P), below and  
a lte rna te  with the  corolla lobes. The next s ta g e  docu m en ted  
w a s  of corolla expansion , the  lobes arching inward (C in Fig. 5; 
flower on left partially d issec ted ) .  The se p a ls  do  not en la rge
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appreciably  (Fig. 5, a rrow heads  labelled P). At maturity (Fig.
6 , a rro w h ead s  labelled P) they a re  little more than  sc a le s  on 
the  a ch en e . The corolla lobes a re  equal (C in Fig. 7) in length 
to the  s ta m e n s  (S), while the  style protrudes (St). The abaxial 
su rface  of the  corolla d isp lays num erous guard  cells (Fig. 8 ).
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C alyce ra  leu c an th em a  (Poepp. ex Less) O. Ktz.
"Caiycera", collected roadside  from a  disturbed a re a  in Region 
del Maule, Provincia Vilches Alto, Chile
O rganogenesis  sequence: Co, P, S, G
Sca le :  pm in Figure 20 = 5 pm
Bars in Figures 1-5, 8-18, = 50 pm 
Bars in Figures 6 , 7, and  19 = 500 pm
C a lv c e ra  l e u c a n th e m a  is a  low trailing herb with num erous 
spherical h e a d s  arising on short peduncles  from the  axils of 
the  leaves .
In f lo re s c e n c e - T h e  on togeny  of the  inflorescence and  the  
individual floral g roups w ere  found to b e  similar to tha t 
d e sc ib e d  for the  A s te ra c e a e  sp e c ie s ,  G u n d e l ia  tournfortii 
(Arctoteae) by Classen-Bockhoff e t  al. (1989). The 
in f lo rescence  m eristem  is hem ispherical before  floral 
initiation (Fig. 1). Axillary cy m es  a re  initiated in acropeta l 
s e q u en c e  on the  head  (FG in Figs. 2 and 3) each  sub tended  by a  
b ract primordium (B) and  u s e s  up all the available m eristem  of 
the  inflorescence (Fig. 4). A terminal flower primordium is 
initiated on the inflorescence and  in each  cym e (Fig. 5) and
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sm aller o n e s  a re  initiated basipetally on eac h  cyme. All of the 
axillary cym es a re  synchronized on the  head  (Figs. 5 and  6 ). In 
later developm ent, the  num erous b rac ts  tha t sub tend  the  
individual flowers an d  the  flower g roups e lo n g a te  m arkedly (B 
in Fig. 7).
f low er g r o u p - T h e  cym o se  flower group primordia 
initiate a s  e longa te  m ounds (Fig. 8 , arrow head) while 
in flo rescence  b ract primordia differentiate nearby  (B in Fig.
8 ). The first flower primordium is initiated a t  the  ap ex  of the  
cym e primordium (Figs. 9 and  10, a rrow head s labelled F), with 
small lateral lobes left uncommitted (L in Figs. 9 and  10). The 
lateral lobes en la rge  to beco m e  additional floral primordia (L 
in Fig. 11) after the  apical flower has  begun  o rgano genes is .  
D evelopm ent follows this pattern (Figs. 12). The terminal 
flower of the  inflo rescence  (Fig. 13) h a s  severa l sm aller 
flowers below  it.
F lo w e r - T h e  floral primordia a re  initiated and  ex p an d  into a  
plug-like s ta g e  (Fig. 10, arrow head  labelled F). The corolla 
lobes and  the sepal lobes a p p ea r  on the primordium a t about 
the s a m e  time (Fig. 14, a rrow heads labelled C and  P). As the 
corolla lobes en large  and  arch inward (Fig. 15), the  four 
s ta m e n s  have initiated a lte rna te  with the  corolla lobes. Two 
ca rp e ls  a re  initiated (Fig. 16, a rrow head s labelled G), with a  
small groove separa ting  them. As the  style e lo n g a te s  (Fig. 17, 
a rrow heads)  the  distinction be tw een  the  two ca rp e ls  is 
obscured . The sepal primordia e longate  (Fig. 18, a rrow heads). 
At maturity, th e  style is exse r ted , and  th e  s e p a ls  a re  stiff 
s c a le s  (Fig. 19, a rrow heads labelled S). A single pendulous 
ovule (Fig. 19, arrow head  labelled O) is p resen t in the  a ch en e .  
The abaxial su rface  of the  corolla lobes d isplays num erous 
guard  cells (Fig. 20).
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Lobelia tu p a  L.
"Lobelia", ob tained  from the collection of the  University of 
California Botanical G ardens , a t  Berkeley, California. This 
sp e c ie s  is originally from Chile.
O rganogenesis  sequence: Sp, Co, S, G
Sca le :  Bars in Figures 2-17 = 50 pm
Bars in Figures 1, 18, and 19 = 500 pm
L obelia  tu p a  is a  robust perennial plant with basal leaves  and  
m any tall in flo rescences (to 2 m eters). The flowers a re  
located in racem es, and  are  d e e p  red.
I n f lo r e s c e n c e - T h e  in flo rescence  m eristem  is flat and  
p roduces  num erous flowers and  subtending brac ts  (Fig. 1), in a  
abou t a  5/8 helical phyllotaxy. Floral b rac ts  a re  initiated at 
the  inflorescence ap ex  (B in Fig. 2), and  floral primordia soon 
arise  in their axils (Figs. 2  and  3, a rrow heads). The floral 
primordia en large  and  elongate  (Fig. 4), and  o rg an ogenes is  
begins with the two adaxial se p a ls  (Fig. 5, a rrow heads). The 
two lateral se p a ls  a re  initiated next (Fig. 6 , a rrow heads), an d  
then the  abaxial lobe last (Fig. 7, arrow head). The corolla 
a p p e a rs  next, and  is initiated a s  a  pen tagonal ring m eristem
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(Figs. 8  and  9, a rrow heads). The points of the  pen tagon  en large 
rapidly to becom e  the  corolla lobes (Fig. 10, a rrow heads) 
which immediately arch inward. The s ta m e n s  a re  also  
initiated a s  a  pen tagonal ring meristem  (Figs. 11, and  12, 
a rrow heads). Again, the  points of the  pen tagon  en la rge  to 
b eco m e  the  individual s tam en  primordia (S in Figs. 13 and  14) 
a s  the  two carpe ls  a re  initiated (Fig. 13, a rrow heads)  a s  two 
a rcu a te  ridges that a re  se p a ra ted  by a  wide gap. As 
developm ent p ro ceeds , the  ap ices  of the  carpel e longa te  an 
grow toward each  o ther (G in Figs. 15-17). During later s ta g e s  
of developm ent, the  carpel b a s e s  have  undergone  zon a te  growth 
(Figs. 18, 19, G). The ovules begin to initiate on the  surface  of 
the  p lacen ta  meristem  (Fig. 19, a rrow heads labelled O). In the 
later s ta g e s ,  The flower d isp lays a  differential e n la rg em en t  of 
the  s ta m e n s ,  the  first s te p  toward the  ex press ion  of 
zygomorphy (Figs. 18 and  19).
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S c a e v o la  c a le n d u la c e a  (Andr.) Druce
"Fanflower", m aterial co llec ted  from cultivated p lan ts  a t  
Davis, California. This sp e c ie s  is originally from Australia.
O rganogenesis  sequence: Co, Sp, S, G
Sca le :  Bars in Figures 1-10, and  the insert of 12 = 50 pm 
Bars in Figures 11-14 = 500 pm
Fanflower is a  creeping  perennial herb, with blue fan -shaped  
flowers located  in leaf axils.
The vegetative  apex  p roduces  leaf primordia tha t a re  su b ­
opposite  (VA and  L in Figs. 1 and  2). Later, floral primordia a re  
initiated (F in Figs. 1 and  2) in the axils of the  leaf primordia. 
The flower primordia p a s s  through a  plug-like s ta g e  (Fig. 3) 
and  then corolla lobe primordia a re  delimited on the  apex  of 
the  floral primordium (Fig. 4, a rrow heads) in se q u e n c e .
Shortly thereafter, the  se p a ls  a re  initiated a s  bu lges  on the  
flanks of the  floral primordium (Fig. 5, a rrow heads). As 
deve lopm en t p ro g re sse s ,  all five corolla lobes a re  ev ident (Fig. 
6 , a rro w h ead s  labelled C), retaining a  s ize  differential 
indicative of their sequen tia l  initiation. The s e p a ls  a re  a lso  of 
slightly different s izes  (Figs. 6  and  7, a rro w h ead s  labelled P). 
At the  sa m e  time, five s ta m e n s  a re  initiated (S in Fig. 7)
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a lte rna te  with the  corolla lobes and  apparen tly  
sim ultaneously. The corolla lobes expand  and  begin to arch 
inward (C in Fig. 8 ). Two carpel primordia a re  initiated a s  low 
a rcu a te  m ounds (Fig. 9, a rrow heads labelled G) while the 
s ta m e n s  enlarge. The ap ices  of the carpels  e longate  (G in Fig. 
1 0 ) and  zonal growth below the  lobes a d d s  to the gynoecial 
height. As the style e longa tes  (St in Fig. 11), the  apex  of the 
style b ro a d e n s  (arrow heads), the  first ev idence  of the  
formation of the  indusium that su b te n d s  the  stigm a a t 
maturity (Fig. 14). The developing indusium h as  a  c lam -shape  
(Fig. 12, arrow heads). At this s ta g e  (Fig. 12), the  se p a ls  
display guard  cells on their abaxial surface  (Fig. 12, inset). At 
maturity, the  se p a ls  a re  broad sc a le s  (Fig. 13, a rrow heads) and  
the  style is recurved downw ard toward the  su rface  of the  
corolla (Fig. 14).
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INTRODUCTION
Com parative  on togenetic  s tud ies  of flowers a re  useful and  
significant a t  sev era l  levels. Morphological p h e n o m e n a  of 
early  developm ental s ta g e s  of the  inflorescence an d  the  flower 
a re  docum en ted  at the  m ost basic  level. Particular s truc tu res  
a re  s e e n  in early developm ent of the  inflorescence and  flower, 
th e  significance of which h as  not previously been  d isc u sse d  
for the A s te raceae . The ring meristem  and  occurrence  of 
com m on primordia a re  important, and  their varied 
m anifesta tions have b e en  studied and  recorded  in the  current 
w ork .
At the next level, correlation and  com parison of the 
m orphological ob se rv a t io n s  yields information ab o u t  the  
in florescence and  floral developm ental p ro c e s s e s  found in the  
A s te raceae . The evolutionary trends in developm ent may then 
be  a s s e s s e d  for the  family.
Finally, phylogenetic conclusions may be  drawn b a se d  on the  
distribution of the  individual developm enta l c h a ra c te r s  am ong  
tax a  and  a t different hierarchical levels. The family-wide 
o ccu rrence  of developm ental trends  is a lso  recorded.
MORPHOLOGICAL PHENOMENA
In f lo re s c e n c e - l n  th o se  sp e c ie s  exam ined  that p o s s e s s  
hom o gam ous  head s , floral initiation and  su b s e q u e n t  
dev e lo p m en t on the  h e a d  a re  strictly acropeta l/cen tr ipe ta l .  
This holds true for sp e c ie s  in both subfamilies, for exam ple:
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E u p a to r iu m  iis tu lo su m  (E upatorieae: A stero ideae) (P late  25.2 
and  3), and  C a rd u u s  n u tan s  (C ynareae: Lactucoideae) (Plate 
7 4 .2 -4 ) .
For all studied sp e c ie s  with he te rogam ous heads , 
developm ental p h en o m e n a  occurring on the  capitulum a re  
partly ac ropeta l (disk flowers) a n d  partly bas ipe ta l  (ray 
flowers). S p e c ie s  with so-called  "true" ray flowers (apically 
th ree-too thed) typical of th o se  found within the  A s te ro ideae , 
con sis ten tly  de lay  ray flower initiation until m ore  acropeta lly  
located  disk flowers have  com pleted  initiation. S u b s e q u e n t  
developm ent of the  ray flowers is a lso  delayed  or su p p re ssed ;  
disk flowers a lw ays su rp a s s e d  the  ray flowers in both s ize  and  
s ta g e  of developm ent. Exam ples include C o re o p s is  tinc to ria  
(H elian theae  s e n s u  la to : Asteroideae) (Plate 31.15 and  16), and  
S e n e c io  q lab e llu s  (S enec ioneae :  A stero ideae) (Plate  65.4-6).
S p e c ie s  in the  A ste ro ideae  with "filiform" flowers display 
similar p h en om ena . While initiation is acropeta l for the  
filiform flowers of G n a p h a l iu m  p u r p u r e u m  (Inuleae:
A stero ideae) (P la te  55.1 and  2), all the  filiform flowers 
(excluding the  larger, b isexual flowers) quickly beco m e  
completely synchronized so  that all on a  head  a re  of the  s a m e  
size and  a t  the sa m e  s ta g e  of developm ent (Plate 55.5). Som e 
s p e c ie s  with filiform flowers d isp lay  bidirectional o rder  of 
even ts  (Fig. 1, p. 52). Rather than  just a  delay in initiation 
o n se t  of a  single se r ie s  of primordia (or severa l s e r ie s  that 
even tually  initiate s u b s e q u e n t  prim ordia  acropeta lly ) , filiform 
flower primordia a re  initiated in basipeta l s e q u e n c e  from a  
non-peripheral starting point. The order from this point is 
bidirectional: while the  filiform flower primordia a re  being  
initiated basipetally  on the  su rface  of the  in flo rescence  
m eris tem , disk flower prim ordia a re  initiated acropeta lly . 
P lu c h e a  fo e t id a  (Inuleae: Asteroideae) (Plate 58.2 an d  3), 
Eriq e ro n  p h i la d e lp h ic u s  (A stereae: A stero ideae) (P la te  2 .7-10), 
and  Eclipta a lb a  (Heliantheae: A stero ideae) (Plate 35.2) show
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bidirectional floral initiation. D evelopm ent of the  flowers on 
the  h e a d  follows the  s a m e  bidirectional pa ttern , with the  
la rgest and  m ost developm entally  ad v an c ed  ray flower 
primordia located distally, and  the  m ost a d v a n c e d  disk  flower 
prim ordia located  proximally (plate 3.12).
O ther peripheral flowers a re  found in sp e c ie s  of the  
subfamily L actucoideae. The tribe A rc to teae  with well- 
developed  "rays", is the  m ost notable. The C alenduleae  
(A ste ro ideae) , C h r v s a n th e m o id a a  m onilifera  (P late  19.4-6), 
and  O s te o s p e r m u m  fru ticosum  (Plate 24.21) have  ray flowers 
tha t a re  apically th ree-too thed  a s  a re  m any ray flowers in the  
A stero ideae. Although not a s  pronounced, a  delay  in ray flower 
initiation an d  deve lopm en t is noticable during early  s ta g e s  of 
in flo rescence  differentiation. In the  A rcto teae, V e n id iu m  
f a s tu o s u m  (Plate 71.2) show s a  similar developm ent, while 
G a z a n ia  k m g is c a p a  (Plate 68.2-3) also  show s tem porary  
suppress ion  of the rays. The rays of G a z a n ia  develop 
differently (evident from the  ea r l ie s t  s t a g e s  of initiation) in 
that they  regularly form two rather than  th ree  apical lobes 
(Plate  70.16-20). Peripheral or even  ray flowers a re  a lso  
found in so m e  g e n e ra  of the C ynareae, and  th e se  display the 
s a m e  effects  of suppress ion  during early s ta g e s .  Small, 
peripheral flowers a re  found in X e ra n th e m u m  an.nuu.ni (Plate
79.4-6) tha t a re  de layed  in initiation and  deve lopm en t (P late  
81.17-20). The ray flowers of G&ntaur&a m a c u lo s a  (Plate
76.4-6) a re  entirely hom ologous in initiation a n d  d ev e lopm en t 
to the  ray flowers found in the  A stero ideae. Ray flower 
primordia of M utis ia  c o c c in e a  (Mutisieae: Lactuco ideae) a re  
d e lay ed  only slightly co m p ared  to the  disk  flower primordia 
during early developm ent (Plate 94.2-6). Of all the  sp e c ie s  
d o cum en ted , the  ray flowers of M.. c o c c in e a  differ leas t  from 
the  neighboring disk flowers in sym m etry  and  form (Plate  
95.13) of all the  sp e c ie s  docum ented .
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In general, the sh a p e  of the  inflorescence m eristem , just 
prior to floral initiation and  during early  s t a g e s  of floral 
d ev e lo pm en t,  sh o w s little tribal co n s is ten cy  or correlation to 
tribal boundaries . The myriad inflorescence forms found in the  
H elian theae  amply illustrate this (p resen t study; s e e  a lso  Rauh 
and  Reznik, 1953). Throughout the  family, the re  is a  tendency  
for sp e c ie s  with hom ogam ous h e a d s  to have  flatter 
rec e p ta c le s  during early  s t a g e s  of floral initiation a n d  
developm ent. For exam ple, hom ogam ous taxa  such a s  
Malac.o.tb.rix. s a x a t i l is  (L ac tuceae : Lactuco ideae) (P la te  86.2-4), 
and  Liatris p v c n o s ta c h v a  (Eupatorieae: A stero ideae) (Plate  
27.1-6) h av e  flatter rec ep ta c le s  than  s p e c ie s  with 
he te rogam ous heads, such  a s  Cen.ta.ur.ea ,mac.ulQSa (Cynareae: 
Lactucoideae) (Plate 76.1-5) and  R u d b e c k ia  lac in ia ta  
(H elian theaae: A ste ro ideae)  (Plate  49.1-&).
For a  few more narrowly defined groups, so m e  canalization 
(Stebbins, 1974) of inflorescence meristem  sh a p e  can  be  se e n .  
The in flo rescences of th o se  Inuleae with h e te rog am ous  h e a d s  
a re  distinctly turbinate, a s  show n in G n a p h a l iu m  Durpu.re.iim 
(Plate 55.2), and  R lu c i ie a  fo e tid a  (Plate 58.1-3). O ther sp e c ie s  
in this tribe with hom ogam ous h e a d s  and  the  typical papery  
involucral bracts, including H elip te rum  ro s e u m  and  
H e lich rv su m  b r a c t e a tu m . also  display the  character, but to a  
le sse r  d e g re e  (see  P la tes  3-5 of S harm an  and  Sedgley, 1988).
A conical inflorescence m eristem  a p p e a rs  to be  a  consis ten t  
c h a ra c te r  for the  C a len d u leae  (A stero ideae) investigated: 
C a le n d u la  officinalis (Plate 17.1); Chrysanthe moidfrS. 
fflpnilifeia (Plate 19.1-3); and  O s t e o s p e r m u m  i m t i c a s u m  
(Plate 22.1-3) of the current study; s e e  also  O s t e o s p e r m u m  
vaillantii and  D im o r p h o th e c a  p luv ia lis  in R e e s e  and  Hilger 
(1984, P late  2, a-c).
F lo w e r- T h e  A s te ra c e a e  p o s s e s s  sev era l  flower types  
(Leppik, 1977; Jeffrey, 1977) all of which a re  more or le s s  
related to each  o ther morphologically. The main flower types
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a re  mostly p en tam erous  or derived from a  p en tam ero u s  
condition, an d  include th e  following: the  actinom orphic  disk 
flower, usually b isexual; the  bilabiate an d  ligulate flower, 
a lso  bisexual; the  ray flower; a n d  filiform ray flower, the  
latter two flower types  being either neu te r  or fem ale. T here  
a re  variations for e a c h  of th e s e  basic  types  involving 
sexuality, num ber of corolla lobes (or "teeth") e x p re s s e d  a t  
maturity, and  o ther p h en o m e n a  involving so m e  d e g re e  of organ 
su p p re s s io n .
C om parative  developm ent of th e se  floral m orphs yields the  
significant conclusion th a t  the  early on togeny  of the  disk 
flowers of the  A stero ideae  and  that of the  ligulate and  
bilabiate flowers of the  L ac tuco ideae  a re  a lm ost identical.
For disk flowers in the  A ste ro ideae  the re  is generally  brief 
express ion  of a  corolla ring m eristem  before  the  s im u ltaneous 
differentiation of the  individual corolla lobes, a s  s e e n  in 
Eclipta  a lb a  (Heliantheae) (Plate 36.8 and  9). For bilabiate and  
ligulate flowers, a  corolla ring m eristem  is generally  not 
p re sen t  prior to initiation of the  corolla lobes, and  the  corolla 
lobes generally  do not initiate sim ultaneously. Rather, an 
irregularly helical pa ttern  or a  merely nonsim ultaneous 
initiation is o b se rv ed  for the  corolla lobes of ligulate and  
bilabiate flowers, a s  in P y r r h o p a p p n ^  e a m lM a n i i s .  (L ac tuceae : 
Lactucoideae) (Plate 89.7), and  in Trixis c h ia p e n s i s  
(M utisieae:Lactucoideae) (Plate 98.7). It is a lm ost im possible  
to distinguish any  floral primordium a s  disk, ligulate, or 
bilabiate during early s ta g e s  after the  corolla lobes a re  
p resen t. The corolla of e ac h  morph ach ieves  its recognizable  
form during m id-developm ent and  p re-an thes is  ex pansion  by 
the  action of zo n a te  or intercalary growth of th e  corolla tube. 
If th e  zonal m eristem  is intact below the level of corolla lobe 
a ttachm en t, a  circular corolla tube  typical of the  disk  flower 
forms. If the  zonal m eristem  is not continuous, then  the 
typical corolla of the  ligulate flower, with on e  sinus, or of the 
bilabiate flower with two s in u se s ,  resu lts  ( s e e  Figure 113).
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Occasionally, the  sym m etry  of disk flowers is a ltered, 
usually to a  te tram e ro u s  s ta te  (excluding floral anom alies), 
possibly effecting a  c h a n g e  in breeding sy s tem  or reproductive 
output (Gardner, 1977). The te tram erous s ta te  may be 
consisten tly  e x p re s se d  (canalized) in all of the  disk flowers on 
a  head  a s  in £Lo_m&psi& l inc io ria  (H elian theae: A ste ro ideae) 
(Plate  29.3-6), or the  express ion  may be  erratic, suggesting  a  
sp e c ie s  uncanalized  in regard  to floral symmetry. C a c a l ia  
p la n ta g in e a  (S enec ioneae :  Asteroideae) (Plate 61.5) and  
G a l in s o q a  parviflora  (H eliantheae: A stero ideae) (P late  41.4-6) 
display both te tram ero u s  and  p e n tam ero u s  disk flowers 
randomly intermixed on a  head.
The initiation and  developm ent of num erous ray flowers w ere  
docum en ted  in this study, for exam ple, in V en id ium  f a s tu o s u m  
(Arctoteae: Lactoco ideae) (Plate  73.14-19) and  T ith o n ia  
ro tundifo lia  (H eliantheae: A stero ideae) (Plate  54.13-19). In 
all c a s e s ,  th e  primordia of the  ray flowers h a s  a  triangular or 
o therw ise  bilateral s h a p e  from initiation onw ard. D epending  
on the  num ber of corolla lobes initiated an d  the  differential 
action of the  corolla in tercalary  m eristem , differing n u m bers  
of corolla lobes (apical teeth) a re  e x p re ssed  in the  
developm ent and  final form of the  ray flower limb. In G a z a n i a  
lo n a i s c a p a  (Arctoteae: Lactucoideae), (P la te  70 .16-20), two 
lobes a re  initiated; both pers is t during e longation and  a re  
p resen t  on the  ray a t  an thesis . The ray flower primordia of 
C h rv s a n th e m o id e s  m onilifera  (C alendu leae : A stero ideae), 
(P la tes  19.4-6, 21 .15  and  16) initiate five corolla lobes, but 
only three , the  two lateral and  the  abaxial, show  basal 
intercalary growth, while the  two adaxial corolla  lobe 
primordia a re  su p p re s se d .  Four corolla lobes a re  initiated by 
ray flowers in G a l in s o g a  parv iflo ra  (H elian theae : A ste ro ideae)  
(P la te  43.14-16), again  with the  adaxial lobe or portion 
su p p re ssed .  The su ppress ion  of the  adaxial lobe(s), along with 
the  non-continuity of th e  intercalary m eristem  of th e  ray
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corolla, p roduces  the  "slit" in the  ray corolla. During late 
s ta g e s  of developm ent, the  ray corolla may b roaden  
c o n s id e ra b ly .
Despite the distorted s h a p e  of the  developing ray flower 
primordium an d  o ther  crow ding-re la ted  m ech an ism s , s ta m e n  
primordia a re  often initiated. Rarely a re  the  relictual 
stam inodial s tru c tu res  a s  noticable in adult s ta g e s ,  a s  they  
a re  in C h r y s a n th e m o id e s  monilifera (C a lendu leae :
A steroideae), (Plate 21.19), and  D re s s le ro th a m n u s  spp. 
(Senec ioneae : Asteroideae) (Robinson, 1989). In so m e  c a s e s ,  
only two s tam en  primordia a re  initiated, a s  in T i th o n ia  
rotundifolia  (H eliantheae: A stero ideae) (Plate  54 .16  an d  17), 
and  th e se  a re  aborted and  resorbed  (Plate 54.18). C h ry so p s is  
c a m p o ru m  (A stereae: A stero ideae) (P late  16.18-20) typically 
h a s  four s ta m e n  primordia initiated in e a c h  ray flower 
primordium. The ray flowers of M utisia  c o c c in e a  (M utiseae: 
L ac tuco ideae) (Plate  96.19) regularly initiate five s ta m e n  
primordia. Som e spec ies ,  such  a s  R u d b e c k ia  lac in ia ta  
(H eliantheae: A stero ideae) (Plate  51.19-21), show  no ev idence  
of s ta m e n  or carpel initiation w h a tsoever.
Also occupying a  peripheral position on the  head  a re  the 
filiform ray flowers, often p re sen t  in severa l se r ie s .  The 
primordia of th e se  rays a re  always rounded an d  a re  m easurab ly  
sm aller than the  bisexual disk flower primordia of the  s a m e  
h ead  (see  Table 3.1 on p. 51). The size  of the  filiform flower 
primordia s e e m s  to be  genetically constra ined , ra ther  than  
limited by s p a c e  considera tion  a s  a re  the  ray flower primordia 
d iscu ssed  above. P lu c h e a  foe tida  (Inuleae: A stero ideae) (Plate  
58.3) p ro d u ces  m any filiform flower primordia th a t  a re  
initially w ell-spaced  on the  in flo rescence  su rface . S tam en  
primordia w ere  not noted during any s ta g e  in any  of the 
filiform flowers exam ined  in the  cu rren t study; all a re  fem ale , 
with the  two carpel primordia occupying all of the  s p a c e  
available in the  interior of the  flower, a s  in E r ia e r o n
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p h i la d e lp h ic u s  (A stereae: A stero ideae) (P la tes  6 .34, 35, 7.36- 
39). Corollas of the  filiform flowers take  on e  of two forms: 
e ither trim erous during early s ta g e s  an d  showing th ree  apical 
tee th  a t maturity, or bilateral, with no recogn izab le  lobes or 
teeth . G n a p halium  p j i tm u m im  (Inuleae: A stero ideae) (Plate 
57.19), and  £ a iem li . i la  officinalis. (C a lendu leae :  A ste ro ideae)  
(P la te  18.13-15) both show  ex am ples  of th ree  corolla lobes in 
filiform flowers. Only th e  abaxial portion of the  corolla ring 
m eristem  e n la rg e s  in th e  filiform flowers of £ .  p h i la d e lp h ic u s  
(A stereae: A stero ideae) (Plate  7.36-38), an  exam ple  of the  
type lacking tee th .
Fem ale  peripheral flowers w ere  a lso  noted in so m e  m em bers  
of the  tribe C y n a rea e  (Lactucoideae). The peripheral flowers 
in C e n la im e a  m a c u l o s a  a re  initiated similarly to a  ray (P la tes 
76.2, 78.15, 16) and  develop  similarly a s  well (Plate  78.17- 
19). The only o b se rv ed  difference is th e  relative inactivity of 
a  corolla intercalary m eristem  tha t  is typically s e e n  in later 
s ta g e s  of corolla developm ent in ray flowers. Of th e  five 
corolla lobe primordia th a t  a re  initiated, th ree  lobes e lon ga te  
in mid- to late developm enta l s ta g e s ,  with little or no basa l 
extension of the  corolla (Plate 78.20 and  22). In X e ra n th e m u m  
a n n u u m . the  corollas of the  peripheral flowers a re  even  more 
s tun ted  (Plate  79.6); they  a re  not noticable at maturity.
O th e r  o b s e r v a t i o n s - S e v e r a l  o ther  s tru c tu re s  of particu lar 
in terest w ere  noted during early developm ental s ta g e s .  T h e se  
include the  phenom enon  of a  ring meristem , a  w idesp read  in 
th e  subfamily A ste ro ideae , but relatively uncom m on in o ther  
families. A se c o n d  fea tu re  to be d isc u sse d  is the  recep tacu lar  
b rac ts  which w ere  s e e n  to initiate in th ree  different w ays. The 
third phenom enon  to be  d isc u sse d  is the  initiation of the  
p ap pus , which is e ither integral with o rg an o g e n es is  or occu rs  
later. Different p a tte rn s  w ere  reco rded  for the  initiation of 
multiple p a p p u s  m em bers .
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A ring m eristem  w a s  often docum ented  in early 
o rg an o g e n es is  for the  corolla, but only in the  A stero ideae.
Disk flower primordia in the  plug s ta g e  develop  a  to ru s-sh ap ed  
m eristem  apically, which is d e s ig n a ted  the  corolla ring 
meristem; e .g . G n a a h a lw in  a u m u m u m  (Inuleae) (Plate 56.8), 
and  D v sso d ia  ten u ilo b a  (Plate 33.7 and  .8). The corolla lobes 
then  d ifferentiate  directly from the  ring m eris tem , usually  
s im ultaneously : A n th e m is  c o tu la  (Anthem ideae) (P la tes  8.4, 
and  9.7), and  E u p a to r iu m  fis tu losum  (Eupatorieae) (Plate  26.8). 
The corolla of filiform flower primordia a lso  beg ins a s  a  ring 
m eristem , that is ev iden t for a  longer period than in the  disk 
flower primordia: E r ig e ro n  p h i la d e lp h ic u s  (A stereae) (P la te s  
6.28-34 and  7.36), and  C a le n d u la  officinalis (C a lendu leae)  
(Plate  18.9). As the  ring m eristem  is recognized  primarily by 
its perfectly round sh a p e ,  it is more difficult to a sc r ib e  this 
phenom enon  to the  ray flower corolla b e c a u se  of the  more 
irregular initial s h a p e  of the  ray flower primordium.
The p re se n c e  of a  corolla ring meristem  initiated prior to the 
a p p e a ra n c e  of individual corolla lobes w as  docum en ted  by 
early an a to m is ts  (Koehne, 1869; Haenlein, 1874; W arming, 
1876; Martin, 1892) All noted the  p re se n c e  of a  "ringformigen 
Rand" or a  "tubular ring" (Martin, 1892) a s  the  first sign of 
o rganog enes is .  Leins and  Erbar (1987) depicted  the  corolla 
ring m eristem , but failed to com m ent or identify the  m eristem  
a s  such , referring to it obliquely by the  u se  of the  term, 
"Trichterstadium " (or funnel-s tage) to d e sc r ib e  the  entire  
floral primordium. Later, in a  study of floral deve lopm en t in 
certain C am panu laceae , Lobeliaceae, G ooden iaceae , and  
B runoniaceae  (Erbar, 1987; Erbar and  Leins, 1989), the  term 
corolla ring m eristem  w a s  em ployed to d e sc r ib e  corolla 
initiation. The p re s e n c e  of a  corolla ring m eristem  w as  
d o cum en ted  for m ost of the sp e c ie s  exam ined in the 
A stero ideae. Thus, the  phenom enon  of the corolla ring 
m eristem  h as  been  well-docum ented by severa l w orkers a n d  in
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the  curren t study, but h a s  suffered  an  identity crisis in 
term inology up until this point.
T hree  different ty pes  of initiation for the  recep tacu la r  
b rac ts  w ere  recorded. Most commonly, the  recep tacu lar  bract 
a r ise s  a s  part of a  com m on primordium with a  disk flower 
primordium. The com m on primordium is initiated a s  a  large 
low m ound tha t soon  bifurcates: T ith o n ia  ro tund ifo lia  
(Heliantheae: A steroideae) (Plate 53.6), and  X e ra n th e m u m  
an n u u m  (C ynareae: Lactucoideae) (Plate 80.7).
The recep tacu lar  brac t primordia may a lso  be  initiated 
individually after the  a p p e a ra n c e  an d  so m e  en la rgem en t of the 
disk flower primordia. G a l i n s o a a  parv iflo ra  (H elian theae : 
Asteroideae), (Plate 42.9), and  M adia e le q a n s  (H eliantheae: 
A stero ideae), (P la te  46.2) both show  de layed  initiation of 
recep tacu lar  bracts. The bracts  may also  a rise  a s  enations 
initiated relatively late from the  su rface  of the  recep tac le :  
C h rv so p s is  c a m p o ru m  (A stereae: A stero ideae) (P la tes  14.5-6, 
and  15.12). T h ese  late appearing  bracts  do not regularly 
sub tend  the  disk flowers and  se e m  to arise  w here  there  is the 
g re a te s t  am ount of s p a c e  available on the  recep tacle . 
Therefore , the  enation-type  of recep tacu la r  b rac t is probably 
not hom ologous to the  recep tacu la r  b ract that is initiated 
integral with the  su b te n d e d  disk flowers.
Rarely, a s  in R u d b e c k ia  laciniata (H elian theae: A stero ideae) 
(P late  50.7), is the  recep tacu la r  b rac t initiated first, with the  
disk flower primordium appea ring  very soon  the reafte r  in the  
axil of the  bract.
R eceptacu lar bracts a re  viewed a s  hom ologous to the 
sub tend ing  floral and /o r  in florescence b rac ts  found in a  
racem e  (Cronquist, 1955, 1977). T hose  h e ad s  lacking 
recep tacu lar  b rac ts  a re  co ns id ered  more derived (S tu essy  and  
Spooner, 1988). At maturity, the  recep tacu lar  b rac ts  (or 
palea) may take many forms in the  A s te raceae  (S tuessy  and
Spooner, 1988). The developm ental literature on the  
A s te rac ea e  con ta ins  m any re fe rences  to a  com m on primordium 
that b ifurcates to p roduce  the  primordia of the  disk  flower 
adaxially and  the  recep tacu lar  b rac t abaxially (Marc and  
Palmer, 1978; Moncur, 1981; Gottlieb and  Ford 1987; S harm an  
and  Sedgley, 1988). This w as  also  the  m ost com m on pattern 
found for recep tacu la r  b rac t initiation in the  cu rren t  study. 
E v o lu tionary , a  com m on primordium of this type may have  
arisen  a s  result of the  condensa tion  of the  inflo rescence  axis 
from the racem e  s ta te  to the  head , a s  is found in the 
A s te ra c e a e .
Initiation of the  p a p p u s  w as  found to be  either integral with 
o rg anog en es is ,  a s  in A courtia  ru n c in a ta  (Mutisieae: 
Lactuco ideae) (P la te  93.8-10), or occurring late a s  enations  
around the  summit of the  ovary, a s  in Eclip ta  a lb a  (H elian theae  
A stero ideae) (Plate  36.10-14), an d  C ichorium  in tv b u s  
(L ac tuceae:L actuco ideae) (Plate 85.13-14). The m ature  forms 
of the  late-occurring pappi w ere  usually of sca le , awn or 
crown types .
W hen p a p p u s  initiation is integral with o rg an o g en es is ,  th ree  
b as ic  p a tte rn s  e m e rg e  for the  proliferation of the  individual 
p ap p u s  m em bers . Commonly found is the  sequen tia l initiation 
of nu m ero u s  bristle-like m em bers ,  beginning in five s i te s  
located a lternately  with the  corolla lobes: S e n e c io  q la b e l lu s  
(S en ec io n eae :  A stero ideae) (Plate  66.10-11) and  M alacothrix  
sa x a t i l is  (L ac tuceae : L ac tuco ideae) (P late  87.10-14).
Additional p a p p u s  m e m b e rs  a re  initiated sequentia lly , filling 
in the  g a p s  from both sides.
Another type of pap p u s  initiation a p p e a rs  a s  a  random  
p rocess ,  apparently  sub jec t to crowding p re s su re s .  In this 
pa ttern , the  p a p p u s  m em ber  primordia a re  initiated w herever 
s p a c e  is available. The crowding may be  a  result of the 
neighboring floral primordia a s  in M utisia  c o c c in e a  (M utisieae: 
L actuco ideae) (Plate  95.10-12) and  Trixis inula (M utisieae:
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Lactucoideae) (Plate 99.4). P re ssu re  exerted  from the  
involucral b rac ts  may a lso  c a u s e  the  crowding effect: L iatris  
p y c n o s ta c h y a  (E upatorieae: A stero ideae) (P late  25.4-6).
Usually, by later s t a g e s  of developm ent, the  sequen tia l 
initiation of p a p p u s  m em b ers  is all but o b scu red  a s  all the  
b r is tle s  eq u a liz e .
The final recorded  form of p ap pus  initiation is the  a p p e a ra n c e  
of a  p a p p u s  ring meristem , from which m any individual p ap p u s  
m em b er  primordia differentiate  s im ultaneously  As 
illustrated for E r t o a m a  phi la.dfilp.hic.ua  (A s te reae :
A stero ideae), the  ring m eristem  of the  p a p p u s  (Plate  4 .17-20) 
a r ise s  a s  a  ridge tha t  encirc les  th e  flower midway, from 
which individual p a p p u s  m em b er  primordia d ifferentiate  
so m ew hat later (P la tes 4 .21-22, 5.23). O ther sp e c ie s  a lso  
d isplay p a p p u s  ring m eris tem s with s im u ltaneou s m em ber  
differentiation, such  a s  P lu c h e a  fo e t id a  (Inuleae: A ste ro ideae)  
(Plate  59.9).
At this time, developm enta l trends  in p ap p u s  initiation a re  
undefined ex cep t for a  few generaliza tions. T he initiation of 
the  p a p p u s  a s  a  ring m eristem  with su b se q u e n t  s im ultaneous 
differentiation of individual m em b ers  is a  m ore derived  s ta te  
than  the  o ther  p a tte rns  d isc u sse d  abov e  that a re  integral with 
o rg anog en es is .  P ap p u s  m em bers  that a re  initiated late in 
developm ent a s  enations  a re  not hom ologous to pappi initiated 
during o rganog enes is .  Pappi of this nature se e m  to a rise  a s  
outgrow ths of the  a c h e n e  during differentiation ra the r  than  a s  
an organ or organ whorl during o rganogenesis .
Events occurring early in the ontogeny of A s te rac ea e  include 
phyllary initiation, initiation of flowers on the  in f lo rescence  
m eristem , o rg a n o g e n e s is  of the  individual flower primordia, 
and  e s tab lishm en t of floral symmetry. Early su p p re ss io n  of 
ray flowers frequently  o c cu rs  a fte r  floral initiation, a lthough  
the  express ion  of this c h a rac te r  is variable from on e  taxon to 
another. O ther even ts  occur a t  mid-development, such  a s  organ
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form differentiation, o rgan  abortion (e.g., of a n th e r  primordia 
of the  ray flowers), a n d  the  initial intercalary growth of the  
fu sed  stam en/coro lla  tube. S o m e  ev en ts  tha t occur late, that 
is, shortly before  an th e s is ,  a re  final expansion  of the  corolla 
tub e  or ligule, an d  epiderm al sculpturing an d  trichom e 
developm ent on such  o rg an s  a s  the  stigma, an ther, filament 
and  corolla of both the  disk and  ray flowers. The papp us  may 
be  initiated a t  any  of various s ta g e s  during floral deve lopm en t 
in different A s te ra c e a e  taxa, unlike the  timing of calyx o n se t  
found in o ther  families, w herein the  calyx is a lw ays the  first 
s e t  of floral o rg an s  initiated.
EVOLUTIONARY TRENDS IN DEVELOPMENT
Uniformly acropeta l initiation and  deve lopm en t a re  
co rre la ted  with a  single flower type per  head . Strictly 
acropetal developm ent d o e s  not occur in sp e c ie s  of the  
A s te rac ea e  that p o s s e s s  he te rog am ous  head s , a s  dem o n s tra ted  
by the  taxa  exam ined  in the  p resen t  study.
In he te rogam ous sp e c ie s  of A s te raceae , a  negative 
correlation ex is ts  be tw een  th e  d e g re e  of m orphological 
similarity be tw een  the  disk an d  ray flower primordia of a  
particular sp e c ie s  and  the  duration of supp ress ion  of its ray 
flowers. The sp e c ie s  with the  m ost similar disk and  ray 
flower primordia during early s ta g e s  of developm ent, M utis ia  
c o c c i n e a . d isp layed  the  leas t  su p p re ss io n  of the  ray flowers. 
T he sp e c ie s  with th e  m ost dissimilar flower m orphs is 
E r io e ro n  p h i l a d e l p h i c u s . with disk and  filiform types; it h a s  
the  m ost p ronounced  e x p re ss io n s  of ray flower su ppress ion , 
bidirectional floral initiation an d  deve lop m en t.  In term edia te  
be tw een  th e s e  two ex trem es  (M utisia and  Erig e ro n )  a re  the 
sp e c ie s  with typical ray flowers, in the  A ste ro ideae , in which
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the  su p p re ss io n  is usually limited to a  delay  in initiation and  
su b s e q u e n t  developm ent.
The p re se n t  study su g g e s ts  tha t the  filiform ray flowers a re  
m ore highly derived than  the  rays with triangular primordia. 
T he  filiform ray flowers d isp lay  highly modified coro llas 
(often lacking individual lobes), a  total lack of individual 
s tam en  primordia during all s ta g e s  of developm ent, and  the  
m ost p ronounced  supp ress ion  in both timing and  developm ent. 
Stam inodial s t ruc tu res  a re  frequently found in the  typical ray 
flowers, a lthough a re  often aborted  and  reso rbed  by maturity.
C om pared  to the  central, bisexual flowers on the  head , the  
peripheral flowers of the  C y n a rea e  a re  relatively small and  
unobtrusive. Initiation and  early developm en t a re  similar to 
th o se  of the  ray flowers found throughout the  A ste ro ideae  and  
in the  Arctoteae. Later corolla expansion , resulting from an 
intercalary m eristem , is a b s e n t  in th e s e  flowers. Most of the  
ex p an s io n  a n d  differentiation of th e  charac teris tica lly  show y 
ray flower ligule ta k e s  p lace  during late s ta g e s  of 
developm ent, just prior to an thes is .  T he peripheral flowers of 
the  C y n a reae  a re  hom ologous to typical ray flowers, but the  
rays p o s s e s s  additional terminal s t a g e s  in corolla expansion .
The phenom enon  of the  peripherally located ray flower that 
varies  in exp ress io n  of sym m etry, sexuality  and  corolla form 
is w idesp read  throughout the  A s te raceae . All of the  ray 
flower forms described  herein may be  placed  on a  continuum. I 
s u g g e s t  therefo re  tha t  the  term "true ray flower" a s  generally  
u se d  by Brem er (1987), defined a s  apically th ree-too thed , and  
occurring exclusively in th e  A stero ideae , is inappropriate . As 
I have  show n, only slightly modified ray flowers a re  found in 
the  Arctoteae and  the  C ynareae . In addition, the  corollas of 
m any perfectly a cc ep tab le  ray flowers, in both subfam ilies, do 
not p o s s e s s  th ree  apical teeth . Ray flowers, in the b roader 
definition u se d  here , a re  united by the  o ccu rrence  of triangular 
or bilaterally sh a p e d  primordia and  the  cons is ten t  de lay  in
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initiation and  developm en t a s  com p ared  to disk flowers on the 
head . I define filiform ray flowers on the  b a s is  of their 
primordia, which a re  consistently  round and  small, have  
abbrev ia ted  corollas, and  show  com plete  loss of s tam en s .
Within th e s e  two ca teg o rie s  of ray flowers, the  ray s e n s u  la to  
and  the  filiform morph, subdivisions may be  m ade  b a se d  on 1) 
p re s e n c e  of corolla intercalary m eristem , 2) num ber of corolla 
lobes, 3) num ber of s tam en  primordia initiated, and  4) in 
d e g re e  of suppress ion  in timing of ontogenetic  even ts . As 
d isc u sse d  above, much growth and expansion  of the  ray corolla 
ta k e s  p lace  during late s ta g e s  of developm ent, obscuring 
pa tte rn s  and  s truc tu res  p re sen t  in earlier s ta g e s .  Thus, it is 
the  e x p re ss io n  of late-occurring morphological c h a ra c te r s  tha t 
a re  normally exam ined  by sy s tem atis ts  for com parative  
p u rpo ses  of phylogeny a s se s s m e n t .  By examining the  canalized 
(S tebb ins , 1974) floral c h a rac te rs ,  particularly th o s e  th a t  
occur earlier in developm ent, it should be  possib le  to 
d e m o n s tra te  more clearly the  pattern  of parallel evolution of 
rays and  the  d ivergence  of floral m orphs in the  A s te raceae .
The current study has  sh ed  new light on the  nature and  
hom ologies of certain s truc tu res  found in th e  A s te rac ea e ,  and  
th e s e  merit further d iscussion . The p re se n c e  of a  corolla ring 
m eristem , and  the  initiation of recep tacu lar  b rac ts  and  pap p u s  
will b e  further exam ined .
PHYLOGENETIC CONCLUSIONS
It h a s  been  hypothesized  that the  timing of ontogenetic  
d iv ergen ce  be tw een  two taxa  is positively co rre la ted  with the  
evolutionary d ivergence  be tw een  taxa  (Stebbins, 1974; Gould, 
1977; Tucker, 1985). In o ther words, the  earlier in ontogeny a  
charac te r  ap p ea rs ,  the  more canalized it is. S ta g e s  a re  a d d ed
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terminally, gradually  lengthening the  ontogeny. Later s ta g e s ,  
su ch  a s  p re -a n th es is  e longation a n d  differentiation, w ere  
probably a d d ed  m ore recently (in evolutionary time), and  a re  
m ore easily  modified. Early developm ental s t a g e s  of flowers 
and  in flo rescences a re  cana lized  and  thus not a s  easily altered. 
Such  cana lized  ch a rac te rs  provide a  firm b as is  for 
phylogenetic  reconstruction. The on togenetic  m ethod of 
phylogeny reconstruction  is not without p roblem s in 
application. The p re s e n c e  of non-terminal additions, de le tions 
and  of neo teny  are  much d iscu ssed  in the  literature (Nelson, 
1978, 1985; Kluge, 1985; DeQueiroz, 1985) but seldom  
definitively d o c u m e n te d ,  particularly for plant sy s te m s .
In te r-g en e r ic  c o m p a r is o n - T h e  m ost closely re la ted  tax a  
exam ined  in the  current study a re  two sp e c ie s  in the g e n u s  
Trixis. Trixis c h ia p e n s i s  and T. in u la  (M utiseae: Lactuco ideae) 
w ere  c h o se n  a s  clearly defined sp e c ie s  of a  generally accep ted  
g e n u s .  The two sp e c ie s  differ in vegeta tive  charac te rs ,  habit, 
an d  a re a  of distribution (Anderson, 1972). Differences also  
exist in in florescence an d  floral charac te rs ,  such  a s  the 
num ber of flowers on a  head , and  the  length of various floral 
s truc tu res  a t  maturity. As found in the  p resen t  study, (P la tes 
97-100) the  in flo rescence  and  floral on togen ies  ®f the  two 
sp e c ie s  a re  a lm ost identical. O ther than  the  num ber of 
flowers initiated, all of the  sep ara tin g  floral and  
in flo rescence  c h a rac te rs  develop  during mid- to late s ta g e s  of 
ontogeny, similar to the developm ent s e e n  in C a e s a lp in ia  
(Tucker e t  al., 1985). This supports  the  hypothesis s ta ted  
above; on e  would expec t two sp e c ie s  of a  g en u s  to have 
d iverged more recently, and  so  to sh a re  a  larger portion of a  
com m on ontogeny.
Hig h e r  level taxonom ic  c o m p a r iso n s - A t  a  higher level, so m e  
deve lop m en ta l  t ren d s  c h a rac te r ize  certa in  tr ibes  or tribal 
groupings. The synchronization of floral developm ent on a  head  
ch a rac te r ize s  the  sp e c ie s  of the  V ernonieae  exam ined.
330
Of the  p a p p u s  charac ters ,  the p re se n c e  of the  late-forming 
ena tions  is mostly limited to the  H eliantheae. The A s te reae  
and  the  Inuleae both sh a re  the  ch arac ter  of the  p appu s  ring 
m eris tem  th a t  form s individual m em b ers  s im ultaneously .
T he distribution of ray flower primordia of different s h a p e s  
th roughout the  family w a s  meaningful. The ray flower 
primordia tha t show  th e  m ost similarity to th e  disk flowers on 
the head  belong to Mutisia c o c c in e a  (Mutisieae: Lactucoideae). 
Although the M utisieae a re  not a  monophyletic unit (Bremer, 
1987), the  sub tribes  a re  probably basa l in A s te rac ea e  
phylogeny. O ne  can  conclude  that the  ray flower primordia of 
the  M utisieae a re  of a  primitive nature  com pared  to the  ray 
flower primordia of the  res t  of the  family.
B ased  on floral ontogenetic  ev idence , the  delimitation 
be tw een  the  two subfam ilies s e e m s  to be  so m ew h a t  unnatural 
b e c a u s e  of the  continuum  of developm ental ch a rac te rs  
ob served . Aside from the  primitive s ta te  found in M u tis ia . 
th e re  is a  continuum  of ray flower c h a rac te rs  spanning  the  
subfamilies. In particular, the  rays of the  C y n a reae  and  the  
A rc to teae  d e m o n s ta te  tha t o n to gen ies  a re  very similar to 
th o se  found in m em bers  of the Asteroideae. The only 
c h a ra c te rs  separa ting  the  two subfam ilies a re :  th e  p re s e n c e  of 
the  corolla ring m eristem , and  th e  s im u ltaneous initiation of 
s ta m e n s ,  both occurring in the  majority of the  A ste ro ideae  
exam ined. The Lactucoideae  lack the  corolla ring meristem  and  
usually d isp lay  an irregularly helical type of s ta m e n  initiation. 
T h e s e  a re  early developm ental c h a ra c te rs  tha t a re  strongly 
c a n a l iz e d .
O u tg roup  co m p a r iso n - O f  the  outgroup taxa  exam ined in the  
p re sen t  study, none  is p resen ted  here  a s  the ancestra l g roup to 
the  A s te rac ea e ;  they a re  all highly derived along with the  
A s te raceae . The question  is: Which living family s h a re s  the  
m ost recen t com m on a n ce s to r  with the A s te ra c e a e ?  By
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examining the  inflorescence and  flower developm ent, one  can  
postu la te  the  c h a rac te r  s ta te s  of the  hypothetical a n c e s to r  of 
th e  A s te rac ea e ,  and  de te rm ine  the  living s is te r  family.
The inflorescence architecture  of the  C a ly ce raceae  and  
G ood en iaceae  is quite derived. C a lvcera  h e rb a c e a  and  £.. 
l e u c a n t h e m a  both have  in flo rescences tha t  a re  tertiarily 
c o n d en se d  (P la tes 105 and  106). This pattern is a lso  recorded 
for a  sp e c ie s  of the  A s te raceae , G im dfiJ ia  tournfortii (C lassen -  
Bockhoff e t  al., 1989), and  is clearly a  highly evolved 
synflorescence . The inflorescence of S c a e v o la  c a l e n d u la c e a  is 
spike-like but indeterm inate  (P late  110), with sing le  flowers 
in the  leaf axils. W hen the  plant is flowering, the  floral 
primordia a rise  in the  axils of the  leaves  fairly c lose  to the  
vegetative  apex . Neither of th e se  inflorescence types , the  
indterm inate spike or the  tertiarily c o n d e n se d  head , could have  
given rise to the  h ead  of the  A s te raceae  without m any 
in te rm edia te  forms. However, it is not difficult to 
hypothesize  a  condensa tion  of a  rac em o se  inflorescence such  
a s  that of L obelia  tu p a  (Plate 109.2) to bring abou t the 
capitulum of the  A s te rac ea e  (Erbar, 1987). The in florescence 
apex  of L obelia  tu p a  (Plate  109.1-2) a lready  m arkedly 
re se m b le s  a  flatter in flo rescence  m eristem  of the  A s te ra c e a e ,  
similar to that found in T ith o n ia  ro tu n d ifo l ia  (H e lian th eae :  
A stero ideae) (Plate 52.3). Thus, it s e e m s  c lear  that the  
a n c e s to r  of the  A s te rac ea e  had a  rac em o se  inflorescence.
While the  in florescence architecture  h as  clearly d iverged  
betw een  the G o o d en iaceae  and  the  C a lyceraceae  and  the 
A s te raceae ,  com parison  of the  structure and  on togeny  of the  
flowers is productive. T he ontogeny of L obelia  tu p a  flowers, 
d e sp i te  being sym p e ta lou s  and  epigynous, is the  least  similar 
to the  floral deve lopm en t found in the  A s te raceae .
The floral ontogeny of the two C a lv c e ra  sp e c ie s  exam ined  is 
similar to that of the  A s te ra c e a e  in severa l w ays. The calyx 
or p a p p u s  lobes a re  not initiated first—they a p p e a r  soon  after
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the  corolla lobes have  differentiated (P late  106.5). The 
s ta m e n s  a re  initiated next, and  finally, the  two small carpel 
primordia (P la tes  107.12  and  108.16) a re  initiated. As the  
c a rp e ls  fu se  and  e longa te , however, the  integrity of the  two 
c a rp e ls  is lost (Plate  108.17) unlike the  situation in the  
A s te ra c e a e  in which th e  ap ices  of the  two ca rp e ls  eventually  
form the  stylar b ran ch es . In addition, the  C a ly ce raceae  
uniformly p o s s e s s  a  pendu lous  ovule (plate 108.19) unlike the  
consisten tly  b asa l  ovule of the  A s te rac ea e .
B ased  on the  current study of com parative  inflorescence and  
floral developm ent, the G o o d e n iac ea e  a p p e a r  to sh a re  the  
g re a te s t  am o u n t  of derived  on togene tic  c h a ra c te rs  with the  
A s te raceae . However, so m e  G ooden iaceous  flowers do not 
show  m any early similarities with the  A s te rac ea e .  For 
exam ple , the  calyx an d  corolla initiation in S e l l ie ra  r a d i c a n s  
(Leins and  Erbar, 1989) a re  strongly helical, and  the  floral 
primordium is apparen tly  without a  plug s ta g e  analog . In 
S c a e v o la  c a l e n d u l a c e a . exam ined in the  current study, the  
dev e lo p m en t of floral primordia d isp layed  sev era l  hom ologies 
to s ta g e s  in the  on togen ies  recorded for the  A s te raceae . The 
floral primordia, a lthough axillary, p a s s  through a  plug-like 
s ta g e  (Plate  110.3-5) initially. As o rg an o g e n es is  beg ins, The 
corolla lobes and  the  calyx lobes a re  initiated sim ultaneously . 
The calyx lobes a re  not located terminally on the  primordium; 
rather, they  a rise  on th e  flanks of the  floral primordium, 
c loser to the  base , much like the p ap pus  in A s te raceae . The 
corolla lobes initiate in rapid helical s e q u e n c e  a s  bu lges on the  
e d g e s  of the  floral primordium, a lso  in the  m ann er  of the  
A s te rac ea e .  Two carpe l primordia a re  initiated with a  wide 
g a p  be tw een  them  (P late  112.9-10) tha t b e c o m e s  the  locule of 
the  flower. During later s ta g e s  of floral deve lopm ent, 
re sem b lan ce  to the  A s te ra c e a e  end s , especially  w hen the  
indusium that su b te n d s  the  stigm a in the  G o o d e n iac ea e  
d ev e lo p s  (Plate  112.12).
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Thus, the G ooden iaceae  se em  a  good candidate  for sister 
group to the A ste raceae . This has  been  su g g es ted  in the  p ast 
(Jeffrey, 1977), often in com bination with o ther  poss ib le  
can d ida tes . The ovule is basally a ttached  a s  in the  A s te raceae , 
but its often biovulate, an d  som etim es  multiovulate, s ta te  h a s  
s e e m e d  an obstac le  for th o se  who have implied (Cronquist, 
1977; Bremer, 1987) that the A s te rac ea e  evolved from an  
a n ce s to r  that also  p o s s e s s e d  a  single ovule.
SUMMARY
Com parative ontogenetic  stud ies have  been  shown to be  
useful on different levels. Morphological p h en o m en a  have  been  
docum en ted  that have  not been  recorded previously. Deviations 
from an overall acropetal cou rse  on the  head  a re  com m on in 
taxa  having two floral types.
The formation of the  ray flower of the  A s te raceae  show s 
th ree  basic  pa tte rns  of developm ent: the  ray flower s e n s u  la to . 
the  filiform ray flower, and  the  "M u tis ia " type. The "M u tis ia " 
type is co ns idered  the m ost primitive. Two tribes in the  
Lactucoideae, the  A rctoteae and  the  C ynareae , display ray 
flower formation com parab le  to the  pa tte rn s  found in m em b ers  
of th e  A stero ideae.
Corolla ring m eris tem s a re  generally  p re sen t  in A ste ro ideae  
sp e c ie s .  The individual corolla lobes a re  differentiated to 
form th e  corolla ring m eristem  sim ultaneously . R ecep tacu la r  
b rac ts  in the  A s te ra c e a e  a re  usually initiated a s  com m on 
primordia in conjunction with disk flower primordia. T he  
com m on primordium bifurcates an d  p rodu ces  the  recep tacu la r  
b rac t abaxially and  the  disk flower primordium adaxially. The 
pap p u s  may be  integral with o rganogenes is , or may occur
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during mid- to late s ta g e s  of floral developm ent. If the  papp us  
is initiated during o rganog enes is ,  it may happen  in one  of three  
bas ic  pa tterns; sequentially  in five s ites , a s  a  ring m eristem  
with sim ultaneously  ap p ea rin g  individual m em bers , or 
sequentially  in a  pattern  dictated  by crowding or packing 
p r e s s u r e s .
The two taxa  with the  m ost similar on togen ies  w ere  two 
sp ec ie s  of the  g e n u s  M utis ia . The findings support the 
hypo thes is  of the  similarity of derived on togene tic  pa thw ays 
to evolutionary d ivergence  be tw een  two taxa. G roups within 
the  A s te rac ea e  can  be  charac te rized  by certain developm ental 
pathw ays. The p re se n c e  of a  corolla ring meristem  and  the  
s im u ltaneous initiation of the s ta m e n s  is confined to the 
subfamily A stero ideae. Certain tribes may also  be 
charac ter ized  by particular developm ental phenom en a , such  a s  
th e  turb inate  in flo rescence  m eris tem s of the  Inuleae.
The ances to r  of the A s te raceae  m ost likely had a  racem o se  
inflorescence. T here  a re  so m e  re fe ren ces  in the  literature to 
either an  occasional bi-ovulate ovary in L a c tu c a  s a t iv a  (Jones , 
1927), or to rudimentary se p ta  in the  a ch e n es ,  possibly 
indicating a  loss of a  previously biloculate condition (Leins 
and G em m eke, 1979; Hilger and R eese , 1983; R e e se  and  Hilger, 
1984). The G o o d en iaceae  a re  postulated  a s  the s is te r  group 
(ie. they sh a re  the  m ost recent com m on ancestor) to the 
A s te raceae , b a se d  on floral developm ent and  placentation. The
C a ly ce raceae  a re  more closely related to the  G o o den iaceae-  
A s te rac ea e  complex than  to the  Lobeliaceae. O ntogenetic  
ev idence  su g g e s ts  that the  Lobeliaceae  a re  only distantly 
re la ted  to the  A s te raceae .
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